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ABSTRACT 


i 
l 

Martin  Marietta  Aerospace  lias  conducted  two  1 2 -month  programs.  The 
ft.rst  was  to  collect,  study,  and  analyze  reliability  information  and  data 
on  dormant  military  electronic:  equipment  and  parts  and  to  develop  current 
dormant  failure  rates,  fa. -tors,  and  prediction  techniques.  The  second  was 
to  collect,  study,  and  analyze  reliability  information  and  data  on  military 
electronic  systems  subjected  to  power  on-off  cycling,  to  correlate  failure 
incidence  with  power  on-off  cycling,  and  to  quantify  jiower  on-otf  cycling 
effects  with  respect  to  the  dormancy  and  operating  states. 

Over  276  billion  part-hours  of  dormancy  information  on  various  part 
classes  have  been  collected  from  all  known  sources.  Of  thusi  data,  appioxj- 
mateiy  55  billion  part-hours  are  on  Military  .Standard  parts,  205  billion  on 
high  reliability  parts,  and  16  billion  on  "ultimate  reliability"  devices. 

Of  the  276  billion  part-heurs,  approximately  11  billion  are  on  microelectronic 
devices . 

About  118  billion  part-cycles  of  power  on-off  information  on  various 
part  classes  have  also  been  accumulated  from  all  known  sources.  Of  these 
data,  approximately  177  million  part-cycles  are  on  military  standard  parts 
and  118  billion  part-cycles  cn  high  reliability  parts  of  which  30  billion 
part-cycles  are  on  microcircuits  in  system  applications.  In  addition,  21 
million  part-cycles  of  vendor  microelectronic  devices  have  also  been  collected 
and  reported. 

These  data  have  been  processed  and  presented  in  the  form  of  dormant,  and 
cyclic  failure  rates  and  factors  by  part  types  and  subtypes  for  various  part 
classes.  Dormancy  failure  rate  and  cyclic  ratio  factor  charts  have  been 
constructed  and  partially  validated.  Environmental  effects  on  tile  various 
part  classes  are  discussed  together  with  factors  relating  them  to  one  another 
in  other  energy  states. 

No  testing  was  performed;  therefore,  no  hardware  was  available  for 
detailed  failure  mode  and  failure  mechanism  analysis.  Martin  Marietta, 
however,  has  several  on-going  programs  under  which  current  and  detailed  long 
life  failure  modes,  failure  mechanisms,  design  guidelines,  potential  problems, 
test  methods,,  and  process  control  requirements  hav.  been  prepar'd.  These 
data  have  been  garnered  and  culled;  only  information  applicable  to  dormancy 
and  puwei  on-off  eye  i.  .uq  iaiiaie  mode.,  iwt  Cun  included  in  this  report 

Reliability  modeling  techniques,  including  the  states  of  storage, 
dormancy,  power  on-off  cycling,  and  normally  energized  (operating!,  have 
been  developed  for  military  electronic  equipment  and  part;.  These  tech¬ 
niques  are  based  on  interrelationships  between  the  ntoraje,  dormancy,  powei 
on-off  cycling,  and  energized  states  and  have  been  initially  validated. 


m 


In  addition,  the  modeling  techniques  can  also  be  judiciously  applied 
to  reliability  prediction  for  any  individual  state  or  combination  of  states. 
An  expansion  of  th,e  basic  modeling  technique  will  permit  parametric  trade¬ 
offs  for  system  reliability  to  be  made.  Thus,  realistic  weapon  system 
operational  and  maintenance  decisions  can  be  made  to  obtain  optimum  relia¬ 
bility  while  achieving  required  operational  capability  within  system  cost 
and  time  constraints. 


iv 


evaluation 


1.  "Tie  objectives  or  this  study  were  Cl)  to  develop  failure  rates 
of  electronic  parts  as  used  in  dormant  systems  and  (2)  to  dcteminc 
the  power  on-o^f  cycling  effects  on  electronic  parts.  This  was  to 
be  accomplished  through  the  collection  and  analysis  of  failure  data 
from  military  electronic  equipment  an'’  systems, 

2.  The  first  objective,  electronic  part  dormant  failure  rates,  was 
fairly  well  accomplished.  Sufficient  data  were  available  to  develop 
dormant  failure  rates  including  quantitative  differences  .anon;'  the 
various  quality  levels  <ns  cited  in  military  part  speci ricntions  and 
standards.  br  course,  engineerin'’,  judgement  placed  a  part  in  the 
analysis  where  data  paps  existed,  "cverthcless ,  the  rinal  results 
appear  reasonably  valid  and  car.  bo  used  in  dormant  system  analysis. 

3.  Limited  success  was  achieved  in  worhirtp  toward  the  second 
objective,  power  on-ofr  cyclin'’  erfects.  "inly  c.  mall  amount 

data  were  available  and  these  cane  rr on  laboratory  tests  o"  cqui  r  :ent. 
T’ie  analysis  was  stronp.ly  tempered  with  engineerin',  judgement  and, 
because  o"  t!ie  limited  data  base,  the  conclusions  regard inq  power 
cycling  should  be  treated  as  tentative.  T’ie  cycling  analysis  docs 
provide  -1  framework  and  a  lahoraton’’  failure  rate  w asm  lire  "or  ruture 
work,  "ofs’over,  a  considerably  larger  data  base  is  required  in  order 
to  determine  cycling  effects  in  actual  equipieent  environments.  Vow  this 
data  base  miqkt  he  developed  is  outlined,  in  the  report  recoT'cn  lations ; 
however,  considerable  resources  would  needed. 
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1.0  INTRODUCTION 

The  great  majority  of  available  data  concerning  electronics  relia¬ 
bility  describes  the  effects  of  stresses  occurring  during  the  normal  opera¬ 
tion  (power-on)  of  equipment.  Documents 'is uch  as  RADC  Reliability  Notebook 
and  MIL-HDBK-217A  depict  in  detail  operational  failure  rate  data,  derating 
factors,  environmental  factors,  quality  factor;,  etc.  Little  or  nothing 
is  extant  on  the  other  states  of  activation  —  storage,  dormancy,  and  power 
on-off  cycling. 

A  pioneering  effort  in  this  direction  is  contained  in  RADC-TR-67-307 
"Dormant  Operating  and  Storage  Effects  on  Electronic  Equipment  and  Part 
Reliability"  (Reference  1).  Data  contained  in  RADC-TR-67-307  are  primarily 
on  stored  devices,  from  8  to  15  years  old,  and  can  be  considered  obsolete 
with  the  advances  in  the  state-of-the-art  in  mi croelectronic  and  some  semi¬ 
conductor  devices. 

The  mission  requirement  operational  capabilities  of  some  systems 
demand  long  periods  of  storage,  dormancy,  and/or  cyclic  operation.  A 
total  systems  analysis  model  is  not  widely  available  by  which  relia¬ 
bility  trade-off  studies,  assessments,  and  logistic  planniny  can  be  made 
to  determine  the  best  design  approach  under  cost  and  operational  require¬ 
ments  constraint.'.  Complete  data  for  this  total  reliability  systems  model 
are  not  available  for  dormancy  or  for  power  on-off  cycling.  Additional 
quantification  of  dormancy  effects  and  power  on-off  cycling  effects  is 
required . 

In  order  to  obtain  a  more  comprehensive  and  current  quantifica¬ 
tion  of  dormancy  failure  rates  and  factors  and  to  gain  a  better  under¬ 
standing  of  power  on-off  cycling  effects  on  electronic  equipment  relia¬ 
bility,  Rome  Air  Development  Center  (RADC)  awarded  two  separate  contracts 
to  Martin  Marietta  in  February,  1972.  These  are: 

F  30602- 7 2- C-024 3  "Dormancy  Failure  Rates  of  Electronic 
Equipment  and  Parts"  and, 

F  3C802- 72-C-0247  "Power  On-Off  Cycling  Effects  on 
Electronic  Equipment  Reliability." 


I 


Certain  system  interrelationships  for  storage,  dormancy,  p>ower  on-off 
cycling,  and  energized  states  have  been  derived  and  corresponding  mathemati¬ 
cal  models  constructed.  The  derivation  and  application  of  these  models  are 
discussed  in  Section  1.1,  which  also  gives  an  illustrative  example  of  some 
of  their  uses  and  limitations  as  applied  to  reliability  system  analyses. 

Section  2.0  gives  a  brief  summary  of  the  important  findings,  which  are 
presented  in  tabular  form. 

Section  3.0  contains  the  detailed  discussion  of  the  dormancy  study 
and  Section  4.0  contains  the  power  on-off  study. 

Section  5.0  presents  service  life,  dormancy,  and  power  on-off  models 
for  electronic  systems. 

Section  6.0  contains  conclusions  and  recommendations  from  Sections 
3 . 0  and  4.0. 

Section  7.0  is  the  Glossary  and  defines  the  terms  used  herein  while 
Section  8.0  contains  a  description  of  pertinent  symbols. 

Sections  9.0  and  10.0  contain  the  References  and  Bibliography, 
respectively . 


1.1  Interrelationship 

1.1.1  General 

In  order  to  define  in  quantitative  terms  the  interrelationship 
of  dormancy  and  power  on-off  cycling,  one  must  make  the  assumption  that 
the  expected  number  of  failures  during  the  service  life  of  an  electronic 
system  is  equal  to  the  sum  of  the  expected  number  of  failures  during  each  of 
its  states  of  activation  over  its  total  service  life.  The  principal 
states  of  activation  are  storage  (zero  activation  level) ,  dormancy  (ten 
percent  or  less  of  normal  activation  level),  power  on-off  cycling  (from 
zero  activation  level  to  normal  activation  level  and  back  to  zero  activa¬ 
tion  level  or  vice  versa) ,  and  energized  (normal  activation  level) . 

Storage  and  dormancy  include  such  phases  as  depot  storage,  handling, 
transportation ,  standby,  stowage,  ready  alert,  etc.  Power  on-off  cycling 
may  be  considered  to  include  all  power  on-off  cycles  which  occur  during 
testing,  checkout,  maintenance,  repair,  alert,  operation,  etc. 
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1.1.2  Quantitative  Relationships  and  Formulas 

The  basic  failure  relationship  can  thus  be  readily  modeled: 
n=4 

Fsl  =  l  Fi  =  FS  +  FD  +  Fc  +  FE  (Equation  1. 1.2-1) 

i  =  l  's 

Note:  Symbols  are  referred  to  in  Section  8.0. 

For  a  mature  electronic  system,  which  has  been  burned  in  beyond  infant 
mortality  but  not  reached  wearout,  the  failure  rate  has  been  generally 
assumed  to  be  constant  rather  than  decreasing  or  increasing.  In  general 
terms  this  hypothesis  can  be  stated: 


either 


F  =  At 


(Equation  1. 1.2-2) 


or 


F„  = 

C  C 


(Equation  1. 1.2-3) 


Substitution  of  Equations  1.1. 2-2  and  1.1. 2-3  into  1.1. 2-1  yields 
the  following  expression: 


X  t  =  X  t  +  X^  t  +  AC  +  X„  t 
SLSL  SS  DD  C  EE 


^  SL  XS 


‘•(-ft) 


(Equation  1. 1.2-4) 


By  substituting  r  =  — 

s  t 


SL 


rD  t 


SL 


N  =  - 

C  t 


,  and 


SL 


Equation  1.1. 2-4  can  be  simplified  to  Equation  1.1. 2-5, 


SL 


X„  =  A  r  +  X  r  +  +  A,,  r„ 

SL  SS  DD  CC  EE 


(Equation  1.1. 2-5) 
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Figure  1.1. 2-1  depicts  a  hypothetical  service  life  cycle  that  ! 
an  electronic  missile  system  might  be  expected  to  undergo.  It  illustrated 
the  meanings,  development,  and  association  of  the  various  terms,  symbols,' 
and  expressions  used  in  the  foregoing  equations.  This  simplified  example 
assumes  no  failure  contribution  prior  to  depot  storage.  Practically  speak¬ 
ing,  however,  storage  at  the  manufacturing  plant,  the  final  test  at  the 
manufacturing  plant,  or  even  shipping  from  the  manufacturing  plant  may  be 
as  great  a  failure  contributor  as  depot  storage  alone.  These  would  neces¬ 
sarily  have  to  be  accounted  for  in  an  overall,  service  life  model.  Compli¬ 
cating  the  situation  further  is  the  fact  that  some  subsystems  within  a 
given  system  may  be  dormant  while  others  may  be  energized.  An  example  of 
this  is  power  supplies  or  constant  monitor  circuitry.  Still  other  sub¬ 
systems  such  as  environmental  control  systems  may  be  power  on-off  cycled. 
Thus,  in  reality,  the  system  model  of  Figure  1.1. 2-1  would  have  to  be  ex¬ 
panded  to  the  subsystem  level  to  depict  accurately  subsystem  activation 
states  in  order  to  develop  truer  quantitative  terms. 


Simple  and  readily  usable  mathematical  models  can  be  postulated 
for  relationships  among  storage,  dormancy,  power  on-off  cycling,  and 
energized.  These  are  based  upon  Equations  1. 1.2-1  through  1.1. 2-5  and 
the  observations  made  on  more  than  one  trillion  part-hours  and  part- 
cycles  of  electronic  system  experience  in  dormancy  and  on-off  cycling 
with  known  reliability  grade  parts.  A  review  of  the  experience  data  has 
been  made,  and  the  postulations  corroborated  for  the  relationship  of 
storage  to  dormancy  and  the  relationship  of  dormancy  to  power  on-off 
cycling  for  similar  and  identical  groups  of  electronic  equipment  under 
a  variety  of  environments . 


The  relationship  of  the  storage  failure  rate  (As)  to  the  dormant 
failure  rate  (XD)  has  been  found  to  vary  over  a  narrow  range  from  unity 
up  to  2Xg  =  Ajj  for  specific  components.  In  considering  an  average  elec¬ 
tronic  part  failure  rate  for  an  entire  system,  no  significant  statistical 
difference  has  been  found  to  exist  between  storage  and  dormancy  for  the 
same  quality  of  parts  over  a  wide  range  of  nonoperating  applications  and 
environments.  This  means  that  Equation  1.1. 2-5  can  be  restructured  by- 
redefining  dormancy  and  storage  as  tne  same  state  of  activation  and 
eliminating  one  of  the  terms  from  the  equations. 


Another  relationship  has  also  been  postulate'!  between  full  power 
on-full  power  off  cycling  and  the  dormancy  failure  rate;  that  is. 


K 


C/D 


=  K 


C/S 


(Equation  1.1.2 -6) 
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Figure  i.l. 2-1  Derivation  of  Contributors  to  the  Overall  Failure  Rate 
of  a  System  During  Its  Service  Life  Cycle 


It  is  understood  that  cyclic  failure  rates  and  ratios  to  dormancy 
failure  rates  are  dominated  by  such  characteristics  as: 


1_  Part  type 

2_  Part  quality  (classification) 

2  Cyclic  rate 

4  Combined  temperature  effects  caused  by 
electrical  energy  versus  parts  derating, 
thermal  lag,  etc. 

5  Transient  suppression  protection 

6  Environmental  application. 


In  order  to  isolate  the  effects  of  the  above  factors,  an 
enormous  quantity  of  data  on  identical  componen  s  and  parts  is  re¬ 
quired.  These  data  are  simply  not  available.  Sufficient  data,  how¬ 
ever,  have  become  available  to  establish  a  cumulative  cyoLing  effect 
on  generic  classes  of  parts.  The  ratio  Kc^/d  may  potentially  vary  from  one 
to  greater  than  375  hours  of  dormancy  per  cycle. 


These  observations  suggest  at  least  three  things : 

1  A  simplification  of  Equation  1.1. 2-5  can 
be  readily  and  legitimately  accomplished 
for  engineering  analysis  purposes 

2  A  review  must  be  made  of  the  methodology 
used  in  establishing  test  versus  no  test 
concepts 

3  Modeling  techniques  by  which  the  frequency 
of  periodic  testing  is  established  must  be 
updated . 


with 


In  regards  to  simplifying  Equation  1.1. 2-5,  >-s 

X  r  since  X  =  X  Equation  1. 1.2-5  reduces  to: 
D  D  D  S 


rs  can  be  grouped 
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(Equation  1  .1 .2-?; 


A  =  r  A_  +  r  X  +  X_  N  +  A  r 
SL  SD  DD  CC  EE 


XSL  "  (rS  +  V  XD  +  XC  NC  +  XE  rE 


and  substituting  in  Equation  1.1. 2-6,  A^  *  X^ 


A  =  (r  +  r)  A_  +•  N  (K  A  J)  +  A  r 

SL  S  D  D  C  C/D  D  EE 


X SL  =  (rS  +  rD  +  NC  KC/D  J  XD  +  XE  rE  ,  (Equation  1.1. 2-8, 


I 

I 


Since  r  +  r  +  r  =1  and  when  r  approaches  0,  then  r  +  r  -*•  1 .  For 
S  D  E  E  o  U 

systems  which  must  undergo  long  term  storage  and  dormancy  and  are  energized 
1  percent  or  less  of  their  service  life.  Equation  1.1. 2-8  evolves  into 
Equation  1. 1.2-9  which  greatly  simplifies  the  quantitative  relationship  for 
the  storage,  dormancy,  power  on-off  cycling,  and  energized  states.  This  does 
not  imply  the  term  AE  rE  should  be  ignored  for  the  equipment  operating  por¬ 
tions  of  the  mission. 

XSL  =  (1  +  KC/D  NC)X0  (Equation  1.1. 2-9) 


Use  of  Equation  1. 1.2-9  can  be  expected  to  have  approximately  a  five 
percent  error  or  less  when  rg  +  rD  ^0.99. 

The  combined  effects  of  storage,  dormancy,  and  power  turn  on  - 
turn  off  can  now  be  readily  estimated  by  the  use  of  Equation  1. 1.2-9 
for  making  reliability  comparisons  or  for  use  in  trade-offs  as  Table 
1.1. 2-1  illustrates. 

Use  of  columns  (4)  and  (5)  of  Table  1.1. 2-1  yields  equivalent 
expected  degradation  values  as  a  function  of  test  frequency.  These 
values  can  then  be  directly  evalu  d  or  incorporated  into  parametric 
trade-off  studies  which  "re  used  decide  testing  philosophy  or  to 
optimize  test  intervals  cnce  periodic  testing  has  been  decided  upon. 
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Estiinates  of  Service  Life  Failure  Rates  and  Failures  for 
HYPOTHETICAL  High  Reliability  Electronic  System 
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Figure  1.1. 2-2  graphically  illustrates  the  relationship  of  the  power  on- 
off  cycle  frequency  versus  expected  number  of  service  life  failures  for 
Table  1.1. 2-1.  Construction  and  use  of  figures,  such  as  1.1. 2-2,  permit 
rapid  determination  of  quantitative  values  for  trade-off  studies  and 
reliability  comparisons. 


1.1.3  Validation  of  Relationships  and  Formulae 

In  order  to  corroborate  Equation  1.1. 2-9  and  preceding  equa¬ 
tions,  a  prediction  for  the  Apollo  data  of  Section  4.2.3  has  been  made 
and  then  compared  to  the  actual  Apollo  failure  rate  experience  on  elec¬ 
tronic  devices. 


A. 


B. 


Expected  Failure  Prediction  for  Apollo: 


Check  for  r  +  r  >0.99: 
S  D  — 


rs  +  rD  +  rE  =  1 


r„  r  +  0.03 
S  D 


rS  +  rD  3  0,97 


where  r  = 


0.4748  x  103  „  . 

15.8559  x  lO'1  "  °‘°3 


which  is  not  >  0.99;  therefore  an  error 


of  approximately  20%  low  can  be  expected  for  the  prediction 
by  the  approximate  method  versus  actual  experience. 


Prediction  by  Approximate  Method  (Equation  1.1. 2-9) 

*St  ’  <l  *  V0  V 


where  KC/Q  =  «c/s  =  375  hours/cycle 


N  -  5  cycles  _  5  cycles 

C  month  730  hours 


\  -  0.35 


fai lures 


10  hours 


for  high  reliability  electronic  parts 


i 
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15.8559  x  13" 


»  =1.33  failures/10  hours 

SL - 


answer . 


For  the  above  system  in  which  a  low  rate  of  cycling  was  employed, 
the  use  of  Equation  1.1.2  -9  has  been  found  to  yield  a  good  approximation. 

The  limitations  of  its  application  to  ocher  electronic  systems  must  be 
kept  in  mind;  that  is, 

1  The  test  of  r  +  r  >  0.99  must  be  applied.  When  r  +  r 
—  S  D  —  S  D 

becomes  less  than  0.99,  then  Equation  i.i  2-8  (the  full  equation) 
must  employed. 


The  K  ,  factor  must  be  estimated  based  on  similarity 
C/D 

of  part  type,  part  quality,  cyclic  rate,  energy  rate 
and  level,  and  transient  suppression  protection.  Tran¬ 
sient  suppression  protection  is  of  prime  importance  as 
discussed  in  Sections  4.2.3  Apollo  Data  and  4.3.2  X 
Factors  herein. 


2 . 0  SUMMARY 


2.1  General 


This  report  comprises  the  results  of  two  12-month  programs  con¬ 
ducted  by  Martin  Marietta  Aerospace.  One  program  was  conducted  in  order 
to  collect,  study,  and  analyze  reliability  information  and  data  on  dormant 
military  electronic  equipment  and  parts  and  to  develop  current  dormant 
failure  rates,  factors,  and  prediction  techniques.  The  purpose  of  the 
other  program  was  to  collect  and  analyze  electronic  equipment  power  on- 
off  cycling  data,  to  correlate  failure  incidence  with  power  on-off  cy¬ 
cling  effects  with  respect  to  other  energy  states. 


More  than  276  billion  part-hours  of  dormancy  data  have  been 
collected  on  various  part  classes  and  categorized  into  three  primary 
quality  grades:  Military  Standard,  high  reliability,  and  ultimate 
reliability .  Of  the  276  billion  part-hours,  approximately  11  billion 
are  on  microelectronic  devices.  For  the  program  concerned  with  power 
on-off  cycling,  about  118  billion  part  cycles  of  data  have  been  col¬ 
lected  on  various  part  classes,  primarily  of  high  reliability  grade. 

The  276  billion  pait-hours  of  dormancy  data  contained  in  this 
report  are  new  and  in  addition  to  that  data  collected  for  RADC-TR-67-307 
(Reference  1).  The  dormancy  failure  rates  for  various  part  types  and 
classes  which  were  originally  given  in  Reference  1  have  been  revised 
and  updated  in  this  report  to  reflect  changes  in  technology  and  addi¬ 
tional  part-h  urs  of  experience.  The  average  dormant  catastrophic- 
failure  rate  for  a  high  reliability  part  is  0.4  fits  as  compared  to 
3.1  fits  for  military  standard  electronic  parts. 


No  testing  was  performed;  therefore,  no  hardware  was  available 
for  detailed  failure  mode  and  failure  mechanism  analysis.  Martin 
Marietta,  however,  has  several  on-going  programs  under  which  current 
and  detailed  long  life  failure  modes,  failure  mechanisms,  design  guide¬ 
lines,  potential  problems,  test  methods,  and  process  control  require¬ 
ments  have  been  prepared.  These  data  have  been  obtained  and  analyzed 
such  that  only  information  applicable  to  dormancy  and  power  on-off 
cycling  failure  modes  have  been  included  in  this  report. 


The  118  billion  part-cycles  of  data  are  presented  in  tables 
by  part  class  and  type  and  part  quality  grade.  Both  cycle  failuie 
rate  and  cyclic  ratio  factor  charts  have  been  constructed  and  initially 
validated.  Insufficient  power  on-off  cycling  data  prevented  inclusion  of 
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many  part  types.  Quantitative  relationships  between  cycling  and  dormancy 
and  between  cycling  and  the  normally  energized  (operating)  state  have  been 
developed  and  examples  presented.  Much  more  cycling  information  is  required 
to  complete  the  cyclic  failure  rate  and  ratio  charts,  and  future  programs 
should  be  directed  to  recording  these  data.  Later  analysis  can  then  be 
done  to  update  the  initial  cyclic  tables. 

During  the  data  collection  and  analysis  phases  of  these  programs, 
definite  interrelations  between  the  dormancy,  power  on-off  cycling,  and 
normally  energized  states  were  found,  developed,  and  verified.  These 
interrelationships  have  been  incorporated  into  service  life  equations  and 
models.  Both  apply  to  military  electronic  equipment  and  utilize  failure 
contributions  from  the  dormancy  and  power  on-off  cycling  states  in  combina¬ 
tion  with  those  of  the  normally  energized  state. 

The  basic  interrelationships,  terms,  and  equations  are  given  in 
Equations  1.1. 2-1  through  1.1. 2-9.  The  full  spectrum  of  service  life  models 
has  been  carefully  developed,  explained,  and  illustrated  in  Section  5.0 
Reliability  Models.  The  service  life  modeling  techniques  of  Section  5.0 
provide  the  means  by  which  a  system's  reliability  can  be  predicted  or  deter¬ 
mined  at  any  time  during  its  service  life  cycle. 

The  study  and  investigation  efforts  of  dormancy  and  power  on-off 
cycling  have  been  logically  combined  into  this  final  technical  report. 

This  permits  simultaneous  retrieval  of  both  sets  of  failure  rates  and  inter¬ 
relating  factors  from  library  sources.  The  logic  and  efficacy  of  a  single 
report  are  also  amplified  by  the  fact  that  both  studies  have  had  the  same 
ultimate  goals: 

1  The  development  and  improvement  in  design,  manufacturing, 
quality,  and  deployment  techniques  or  conditions  that  pro¬ 
mote  attainment  of  maximum  system  reliability 

2  The  updating  and  upgrading  of  reliability  predictions 
through  improvements  in  military  electronic  system  mathe¬ 
matical  modeling  methodology 

3  The  quantification  of  correspondi ng ,  viable,  and  authoritative 
failure  rates  and  factors  for  dormancy  and  power  on-off  cycling 
from  available  field  data. 

2.2  Dormancy  Program 

A  statistical  analysis  of  the  dormant  and  storage  data  collected 
during  this  program  indicates  that  there  is  no  significant  difference  be¬ 
tween  failure  rates  for  equivalent  part  types  in  the  storage  and  dormant 
modes.  As  a  result  of  this  finding,  the  dormant  and  storage  data  have  been 
combined  for  all  analyses.  Because  of  the  unavailability  of  drift  failure 
rate  information,  only  catastrophic  failure  rates  and  factors  have  been 
developed. 


Dormancy  data  collected  were  primarily  bn  three  grades  of 
electronic  devices  --  Military  Standard,  high  reliability,  and  ultimate. 

The  data  served  to  verify  and  stiengthen  the  validity  of  the 
failure  rates  and  factors  originally  developed  in  Reference  1.  Many  of 
the  data  gaps  that  previously  existed  have  been  filled,  and  changes  in 
failure  rates  Because  of  technological  advances  in  design,  manufacturing, 
and  quality  control  are  reflected.  In  almost  all  cases,  the  catastrophic 
failure  rates  have  improved  for  individual  electronic  parts. 

Analysis  of  the  data  shows  that,  on  the  average,  dormant  high 
reliability  part  failure  rates  are  between  3  and  7  times  better  than  the 
military  standard  grade.  The  ultimate  grade  part  appears  to  be  about  50 
times  better  than  the  Military  Standard  grade;  however,  data  are  still 
insufficient  to  draw  good  or  prove  definite  conclusions  on  this  grade. 

Based  upon  data  from  five  systems  with  similar  functions  but 
with  different  vintages  of  designs  and  high  reliability  parts,  dormant 
reliability  growth  trends  have  been  determined.  The  growth  trends  indi¬ 
cate  a  steady  improvement  in  average  catastrophic  dormant  failure  rates 
from  1964  to  1969.  However,  the  rate  of  improvement  has  leveled  off  some¬ 
what  after  1967  and  appears  to  be  asymptotically  approaching  a  level 
failure  rate  much  more  slowly  after  1969.  This  failure  rate  improvement 
is  primarily  due  to  improved  manufacturing  control  and  more  effective 
parts  screening  and  burn-in. 

Parametric  drift  information  was  sought  on  dormant  devices,  but 
has  been  found  to  be  sparse.  In  general,  however,  parametric  drift  tests 
conducted  on  stored  semiconductors  have  shown  drift  to  be  negligible  on 
devices  investigated.  Positive  drift  trends  have  been  observed  on  cer¬ 
tain  metal  film  and  wirewound  resistors.  Even  this  drift  rate  does  not 
indicate  these  types  of  resistors  can  be  expected  to  go  outside  of  end  of 
life  tolerances  over  a  10  year  period.  Insufficient  drift  data  exist 
for  other  devices. 

Because  of  the  limited  temperature  and  humidity  ranges  observed 
on  the  dormancy  data,  no  pronounced  differences  in  dormant  catastrophic 
failure  rates  can  be  identified  for  temperature  or  humidity  changes.  Data 
from  high  temperature  storage  tests  on  microelectronic  devices  have  been 
analyzed  in  a  further  attempt  to  correlate  dormant  failure  rates  with 
temperature.  In  general,  the  dormc-nt  failure  rates  increase  with  tempera¬ 
ture,  but  the  lack  of  more  than  two  high  temperature  data  points  prevented 
the  establishment  of  an  Arrhenius  curve  and  associated  acceleration  factors. 

Quantification  of  relative  environmental  location  factors  for 
electronic  systems  has  been  accomplished  for  four  dormant  environments: 
satellite,  in  container  in  a  controlled  environment,  not  in  container  in 
a  controlled  environment,  and  submarine.  The  factors  are  listed  in  Tables 
3. 5. 2-1  and  II. 
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Preliminary  indications  from  failure  mode  data  collected  on  approx¬ 
imately  100  electronic  parts  are  that  open  and  short  failures  occur  with 
about  equal  frequency  in  the  dormant  state.  However,  a  closer  look  at  the 
data  reveals  that  about  60  percent  of  the  shorts  experienced  are  due  to  con¬ 
taminated  integrated  circuits.  Without  this  failure  mode,  the  opens  are 
clearly  in  the  majority. 

Since  the  observed  failure  modes  and  mechanisms  for  dormancy  are 
the  same  as  those  for  the  energized  state,  it  can  be  concluded  that  dormancy 
itself  is  not  the  causative  factor.  Rather,  device  material  properties  or 
incipient  defects  are.  Both  types  of  these  failure  mechanisms  can  be  cor¬ 
related  with  dormant  time  as  well  as  operating  time.  The  rate  ?t  which 
failures  occur  in  dormancy  is  lower  because  of  zero  or  near  zero  electrical 
stresses  applied. 

Raw  catastrophic  dormant  failure  rate  data  on  microelectronic 
devices  were  reviewed,  analyzed,  and  rank  ordered  by  Class  A,  B,  or  C 
device  type  per  MIL-STD-883.  Table  2.2-1  is  the  final  result  of  this 
effort.  A  catastrophic  dormant  failure  rate  chart  (Table  2.2-II)  was 
constructed  for  Military  Standard  and  high  reliability  grade  (or  class) 
resistors  and  capacitors. 


For  semiconductors,  diodes  and  transistors,  a  dormant  catastrophic 
failure  rate  table  was  formed  for  Military  Standard  and  tested  extra  (TX) 
categories  of  parts.  Table  2.2-III  depicts  the  final  rank  ordering. 

Finally,  a  catastrophic  dormant  failure  rate  table  (Table  2.2-IV) 
has  been  constructed  for  low  population  parts  of  Military  Standard  and  high 
reliability  grade  from  the  raw  data. 
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Catastrophic  Dormant  Failure  Rates  (Failures/Billion  Part-Hours) 


TABUS  2.2-1 


Catastrophic  Dormant  Failure  Rates  (XD)  for  Microelectronic  Devices 


Class  A  -  Devices  intended  for  use  where  maintenance  and  replacement 
are  extremely  difficult  or  impossible,  and  reliability  is 
imperative. 

Class  8  -  Devices  intended  for  use  where  maintenance  and  replacement 
can  be  performed,  but  are  difficult  and  expensive,  and 
where  reliability  is  imperative. 

Class  C  -  Devices  intended  for  use  where  maintenance  and  replacement 
can  be  readily  accomplished  and  down  time  is  not  a  critical 
factor. 
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Dormant  fatlur*  litfi  ( f ml ljr e*/bl i M on  part-hour*) 


TABLE  2.2-II  (Cont) 


Catastrophic  Dormant  Failure  Rates  (fai 
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Catastrophic  Failure  Rates  (X^)  for  Semiconductors* 
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*A11  devices  are  silicon,  Si 
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Power  On-Off  Cycling  Program 


The  results  of  the  data  collection  and  analysis  program  indicate 
that  power  on-off  cycling  can  have  a  definite  adverse  effect  upon  elec¬ 
tronic  equipment  reliability.  The  degree  to  which  reliability  is  affected 
depends  upon  several  factors  such  as  part  quality,  cyclic  rate,  temperature 
effects,  environment,  and  transient  suppression  capabilities  of  the  system. 
The  degree  of  degradation  can  be  controlled  or  greatly  minimized  by  careful 
design  and  stringent  manufacturing  control.  These  factors  are  not  always 
independent  of  one  another .  but  rather  depend  upon  system  design  and  duty 
cycle  characteristics.  Therefore,  great  caution  and  care  must  be  exercised 
in  construction  of  any  power  on-off  cycling  mathematical  model  and  develop¬ 
ment  of  quantitative  values  for  factors  in  the  model. 

This  report  is  considered  to  be  the  initial  step  toward  defining 
the  terms  and  factors  related  to  power  cycling  and  developing  the  necessary 
mathematical  models  and  quantitative  factors  required  for  reliability 
prediction  purposes.  It  should  be  recognized  that  this  is  only  a  starting 
point  with  more  and  better  power  on-off  cycling  data  required  before  a  high 
degree  of  confidence  can  be  obtained  in  the  prediction  methods  and  values. 
However,  with  the  partial  verification  of  the  models  and  factors  afforded 
by  the  on-off  cycling  data  collected,  it  appears  that  there  is  a  reasonable 
validity  in  the  approach  taken  in  this  report. 


Based  upon  the  data  collected,  a  power  cycling  failure  rate  model 
to  estimate  the  cyclic  failure  rate  (\c)  has  been  developed  and  is  given 
in  Equations  2. 3. 1-1  and  -2.  The  model  identifies,  detines,  and  correlates 
the  factors  exerting  primary  influences  on  cycling  failures:  part  quality, 
cyclic  rate,  temperature  effects,  environment,  and  transient  suppression 
characteristics  of  the  equipment. 

The  temperature  factor  exerts  a  major  influence  over  the  model 
because  of  the  larye  percentage  (about  90  percent)  of  observed  part 
failures  which  appear  to  be  related  to  expansion  and  contraction  result¬ 
ing  from  temperature  change.  These  factors  can  range  from  1  to  greater 
than  200.  Further  quantification  of  this  important  factor  should  be  ob¬ 
tained  by  properly  designed  experiments  in  which  certain  critical  influence 
factors  would  be  varied  while  others  would  be  held  constant. 
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In  this  initial  modeling  attempt,  the  contributing  factors 
of  Xq  have  been  reviewed.  The  dependent  ones  were  determined  and 
grouped  into  a  single  factor. 

As  a  result,  only  the  basic  cyclic  failure  rate  and  five 
modifying  factors  remain.  The  initial  Ac  model,  its  termB,  and 
derivation  are: 

n-5 

X  ■  \  n  C.  (Equation  2. 3. 1-1) 

c  CB  i 

°r  xc  ■  XCB  Ca  CNC  CT  CTS  CE  (Equ«lon  2. 3. 1-2) 

where  -  field  cyclic  failure  rate  of  part,  component  or  system 

AC0  ■  base  cyclic  failure  rate  as  related  to  initial 
temperature  state 

C  -  part  quality  (grade  or  class)  factor;  this  factor  is  a 
y  function  of  the  manufacturing  process  and  subsequent 

controls  imposed  such  as  Group  A  and  B  electrical  tests, 
special  screens,* or  burn-in  on  individual  parts  and 
components . 

=  cycling  rate  factor;  this  factor  is  a  function  of  the 
C  expected  cycling  rate  (normally  expressed  as  cycles  per 
hour) ;  the  cycling  rate  can  be  estimated  for  a  given 
system  as  : 


that  is,  the  total  number  of  actual  or  anticipated  power 
on-off  cycles  that  will  occur  on  that  item  during  its 
entire  service  life  expressed  in  hours.  This  factor 
represents  all  non-temperature  related  effects  such  as 
mechanical  shock,  wear,  vibration,  material  fatigue, 
creep,  or  other  cyclic  indiced  stresses. 
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temperature  effect  factor;  this  is  a  complex  factor 
comprised  of  several  sub-factors  which  are  dependent: 


1_  Initial  temperature  state 

2_  Applied  electrical  energy  versus  part  derating 
with  resultant  thermal  stresses 

_3  Thermal  lags  at  turn-on  and  at  turn-off 

4  Temperature  stabilisation  state  (time  to  and  time 
at) 

5_  Residual  temperature  effects  (a  function  of  time  between 
cycles) . 


Refer  to  Figure  2.3-1  and  related  di  scussion.,for  a  more 
detailed  explanation. 


CTs  -  transient  suppression  factor;  this  factor  is  a  function 
of  the  degree  to  which  transient  suppression  circuitry 
and  design  have  been  provided  to  eliminate  or  reduce 
damaging  voltage  or  current  transients  at  power  turn-on 
or  turn-off.  These  transients  may  either  be  line 
conducted  or  induced  by  internal  or  external  sources. 

C  ■  environmental  mode  factor;  this  factor  is  an  adjustment 
factor  for  the  various  environments  in  which  power  on- 
cff  cycling  occurs. 

The  subfactors  of  C^,  are  sometimes  dependent  and  sometimes 
independent  of  one  another.  This  can  be  better  understood  by  studying 
Figure  2.3-1.  This  figure  shows  the  initial  temperatures  state  (T-)  as 
room  ambient  in  the  pcwer-off  condition.  When  the  power  is  turned  on, 
the  internal  temperature  rises  at  a  rate  dependent  on  applied  power, 
part  derating  and  packaging,  etc.  The  temperature  rises  until  it 
reaches  a  stabilized  temperature  (Tg)  at  time  providing  that 

tm^  >_  tE.  When  power  is  turned  off,  the  internal  temperature  decreases 
at  a  rate  dependent  on  heat  dissipation  paths.  The  temperature  decreases 
until  it  again  reaches  room  ambient  at  time  tmi  providing  tm2  <_  tp. 

The  terms  tm^  and  tm2  are  thermal  lag  times  and  their  values  are 
contingent  upon  energy  levels,  part  derating,  equipment  configuration 
(density,  heat  sinks,  construction,  etc.),  and  ancillary  cooling.  The 
interdependency  of  the  factor  contributors  can  now  be  readily 
seen. 
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Stabilized  — 

Temperaturedg) 


Power  Off  and  Initial 
Temperature (Tj)  I 


NOTES : 

—  —  Energy  Profile  for  Power  On-Off  Cycle 

-•-Temperature  Profile  for  Power  On-Off  Cycle 

AE  -  Energy  Change  (Power  Off  to  Power  On  or  Vice  Versa) 

“T  *  VTI  ”  Maximum  Temperature  Change 

^  - '  CE  ’  c^en  is  not  realized  and  this  reduces 

temperature  effect. 

lf  tmo  ?!  •  then  residual  temperature  effects  increase 

temperature  effect. 

Figure  2.3-1  General  Diagram  of  Contributors  to  the  Tempeiature 
Effect  Factor  CT  During  Power  On-Off  Cycling 


The  raw  power  on-off  cycling  data  have  been  used  to  derive  pre¬ 
liminary  quality  improvement  factors,  Cg  values  for  the  power  on-off 
cycling  environment.  These  values  are  shown  in  Table  2.3-1  and  relate  to 
the  amount  of  improvement  which  can  be  expected  in  going  from  Military 
Standard  to  high  reliability  quality  levels. 

For  example,  the  cycling  failure  rate  of  a  high  reliability  type 
integrated  circuit  is  expected  to  be  1/14,800  that  of  a  :omparable  Military 
Standard  device.  The  overall  factor  for  electronic  parts  appears  to  be 
about  1/3,300.  In  studying  the  table,  it  can  be  observed  that  screening 
and  burn-in  on  integrated  circuits  and  transistors  are  much  more  effective 
in  removing  parts  with  inherent  weakness  to  cycling  effects  than  is  the 
case  with  resistors,  diodes  and  magnetics.  Temperature  cycling  is  well 
known  to  be  a  beneficial  screen  for  microelectronics  and  transistors.  The 
reason  for  this  efficiency  can  De  related  to  the  thermal  environment  which 
is  a  major  contributor  to  power  on-off  cycling  failures. 

TABLE  2.3-1 


Estimate^  Values  of  C  for  Various  Part  Types 


Part  Type 

CQ 

Military  Standard  to  High  Reliability* 

Integrated  circuits 

14,800  to  1 

Transistors 

4,200  to  1 

Capacitors 

1,500  to  1 

Resistors 

700  to  1 

Diodes 

500  to  1 

Inductive  devices 

100  to  1 

Average  C  (total  experience) 

3,300  to  1 

•Normalized  to  high  reliability  value  for  same  part  type 


Another  factor  for  Xc  is  CE.  Almost  *11  the  usable  data 
collected  and  analysed  came  from  laboratory  conditions.  This  fact 
precluded  determining  C£  values  from  the  power  on-off  cycling  data > 
instead,  CE  values  have  been  derived  from  energized  experience  and 
assumed  to  be  applicable  to  power  on-off  cycling.  Table  2.3-II 
presents  the  C£  values  for  various  environments. 


TABLE  2. 3-1 I 

Estimated  Values  of  C  for  Various  Environments 

E 

(These  modifiers  apply  only  to  the  cyclic  part  failure  rate.  If 
an  overall  part  failure  rate  including  dormancy  and  operating 
is  to  be  determined,  then  caution  must  be  exercised  not  to 
double  count  environmental  effects.) 


Environment 

°E 

Satellite 

0.1 

Laboratory 

1.0 

Ground,  Fixed 

5.0 

Ground,  Mobile 

7.5 

Aircraft,  Manned 

6.5 

Aircraft,  Unmanned 

15.0 

Missile,  Checkout 

5.0 

Missile,  Flight 

25.0 

Missile,  Ground  Launch* 

50  -  100* 

Missile,  Airborne  Launch* 

100  -  1000* 

Shipboard ,  surface 

- 

Shipboard,  Submarine 

10.0 

*  These  CE  values  apply  only  to  the  first  few  seconds 
of  missile  launch.  Missile  flight  C£  then  becomes  25.0. 
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In  addition  to  the  cyclic  failure  rate  model,  laboratory  cyclic 
failure  rates  and  a  failure  rate  table  (Tables  2.3-III  and  2.3-IV)  have 
been  constructed.  The  former  table  is  on  microelectronic  devices  and  the 
latter  on  high  reliability  parts.  Both  tables  apply  only  to  electronic 
systems  in  a  laboratory  environment,  having  a  cyclic  rate  of  6  cycles  or 
less  per  24  hours,  having  the  cycle  on  time  one  hour  or  longer,  having  the 
time  between  cycles  one  hour  or  longer,  having  an  average  part  derating  of 
50  percent  or  greater,  and  having  transient  suppression  circuitry  designed 
in  the  equipment. 

The  service  life  model  (Refer  to  Section  5,0  Reliability  Models) 
which  has  been  developed  reflects  the  effects  of  power  on-off  cycling  on 
equipment  reliability  along  with  the  other  service  life  conditions  usually 
experienced  by  equipments:  dormancy  and  the  fully  energized  state.  The 
model  adds  a  new  dimension  to  trade-off  studies  involving  periodic  testing. 
Without  the  effects  of  cycling  taken  into  account,  reliability  predictions 
can  be  overly  optimistic.  Of  course  the  degree  of  optimism  is  dependent 
upon  the  cyclic  rate  and  related  cyclic  character istics .  In  addition,  the 
service  life  model  is  a  valuable  tool  for  determining  logistics  require¬ 
ments.  More  accurate  failure  data  on  specific  part  types  and  quantities 
can  be  obtained  as  a  result  of  including  cyclic  failure  rates. 

The  incidence  of  power  on-off  cycling  has  been  correlated  to 
othe.-  states  such  as  dormancy  and  normally  energized.  This  correlation  is 
in  the  form  of  ratios  of  the  cyclic  failure  rates  to  those  of  dormancy  and 
energized.  Table  2.3-V  is  the  first  such  attempt  at  developing  and  rank¬ 
ing  these  factors.  By  the  use  of  these  factors,  it  is  now  possible  to 
estimate  how  much  more  stressful  the  cyclic  state  is  when  compared  to  the 
dormant  state  for  similar  electronic  devices  in  identical  power  on-off 
cycling  conditions.  Analysis  of  this  data  indicates  that  on  the  system 
level  a  single  power  on-off  cycle  is  between  1  and  375  times  more  stressful 
or  effective  in  causing  failure.'  than  one  hour  of  dormant  time.  This  wide 
range  demonstrates  just  how  great  an  effect  cycling  can  have  on  equipment 
reliability.  In  contrast  to  this,  the  ratio  cf  energized  to  dormant  failure 
rate  was  between  40  and  100,  depending  upon  the  part  and  component  mix 
within  the  system. 

Correlation  of  power  cn-off  cycling  failure  incidence  with 
environmental  application  or  with  equipment  type  was  thwarted.  This  was 
due  to  the  fact  that  almost  all  or  the  validated  power  turn-on  and  power 
turn-off  failures  came  from  missile  electronic  systems  in  a  laboratory 
environment. 
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Failure 


TABLE  2. 3- III 

Catastrophic  Cyclic  Failure  Rates  (Xc)  For 
Microelectronic  Devices 


1 .  Environment 

2.  Cyclic  Rate 

3 .  Time  On 

4.  Derating 


equipment  laboratory  operation  6  aatellite 
6  cycles  (or  less)  per  24  hours 
sufficient  for  temperature  stabilization 
50  percent  or  greater  on  voltage 


Non 

MIL -STD- 
883 


Military  -  Standard  - 

883 

Class  A 

Class  B 

Class  C 

Hybrid  IC  (Thin) 


Hybrid  IC  (Thick). 


Linear  IC 


Digital  IC 


-Hybrid  IC  (Thin) 


Hybrid  IC  (Thick) 


Linear  IC 


Catastrophic  Cyclic  Failure  Rates  (failures/billion  part-cycles) 


TABLE  2.3-III 
(continued) 


15.0 
10.0 
7.0 
5.0 
3.0 
2.0 
1.5 
1.0 
0.70 
0.50 
0.30 
0.20 
0.15 
0.10 
0.070 
0.050 
0.030 
0.020 
0.015 
0.010 

Clas6  A  -  Devices  Intended  for  use  where  maintenance  and  replacement 
are  extremely  difficult  or  impossible,  and  reliability  is 
imperative . 

Class  B  -  Devices  intended  for  use  where  maintenance  and  replacement 

can  be  performed,  but  are  difficult  and  expensive,  and  where 
reliability  is  Imperative. 

Class  C  -  Devices  intended  for  use  where  maintenance  and  replacement 
can  be  readily  accomplished  and  down  time  is  not  a  critical 
factor. 

Non  MIL-STD-883  *  Devices  are  not  intended  for  military  application,  but  data 
has  been  included  for  information  purposes  only. 


• 

J 

"  nyoriu  IC  Uninj  -i 

-  Hybrid  IC  (Thick)' 

-Hybrid  IC  - 
(Thin) 

.UtrKf^  T  r 

(Thick) 
-Linear  1C  — 

.rHcvlt-fll  Tf- 

2-18 


Catastrophic  Cyclic  Failure  Rate  (failures/billion  part-cycles) 


TABLE  2.3-IV 

Catastrophic  Cyclic  Failure  Rates  {Xq)  For  High 
Reliability  Parts  and  Components* 

1.  Environment  -  equipment  laboratory  operation  *  satellite 

2.  Cyclic  rate  -  6  cycles  (or  less)  per  24  hours 

3.  Time  on  -  sufficient  for  temperature  stabilisation 

4.  Derating  -  50  percent  or  greater  on  electronic  devices 


50.00 

20.00 

10.00 

5.00 

3.00 

2.00 

1.00 

0.50 

0.30 

0.20 

0.10 

0.05 

0.03 

0.02 

0.01 


r  Transformers 


Transistors,  silicon, ^ 
(high  power) 


Transistors,  silicon 
(medium  power) 


Transistors,  silicon, 
(low  power) 
Capacitors 

Diodes  - 


h  Resistors 


500000 

200000 

100000 

50000 

30000 

20000 

10000 

5000 

3000 

2000 

1000 

500 

300 

200 

100 


Motors 

Switches 


Lamps,  incandescent - 
Crystals - 


(-Lamps,  electrolumi nescent— j 
Relays  _ 


Capacitors,  mylar 


■Light  emitting  diodes  (LEDH 
Capacitor,  tantalum,  solid-1 


•Note;  An  estimate  of  values  for  Military  Standard  parts  and 
components  under  similar  environmental,  cyclic  rate, 
duty  cycle,  and  derating  conditions  can  be  made  by  apply¬ 
ing  the  appropriate  Cq  values  of  Table  2.3-1  to  the 
values  shown  in  this  Table. 


i 

i 


i 

I 
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Cyclic  Failure  Rate  Ratio  for  In  Hours/Cycle 


TABLE  2.3-V 


Ratios  for  High  Reliability  Parts  and  Compc 

1.  Environment  -  equipment  laboratory  operation 

2.  Cyclic  rate  *  6  cycles  (or  less)  per  24  hours 

3.  Time  on  -  sufficient  for  temperature  stabl] 

4.  Derating  -  SO  percent  or  greater  on  devices 


2000 


1000 


S00 


200 


100 


50 


20 


10 


Resistors 

and 

Resistive 

Devices 

1 


Heaters 
Thermostats 
Thermistors 
Temperature  sensing 


^Variable 

HWirewound 


hCarbon  Film- 


petal  film_ 
It in  oxide 


Carbon  composition- 


Capacitors 

2 


(Tantalum,  wet,  foil 
Tantalum,  wet,  slug 


(Tantalum,  solid 
IMylar 


(Polystyrene 
t Metal  film- 


H 


Class 

Ceramic 


Semiconductors 

and 

Microelectronic 

Devices 


Hybrid  1C  (thin  film) 


High  power  transistor 
Hybrid  IC  (thick  film) 


High  power  diode 


Zener  diode 

Light  emitting  diode 

Monolithic  1C,  linear 


Monolithic  IC,  digital 
.Medium  power  transistor! 


Low  power  transistor 
.Medium  power  diode 


■Low  power  diode- 


Transformers 

and 

Inductors 


Transformers 


•R.P.  chokes  and  coils 


4 


Reactors  and  inductors 
Magnetic  memory  cores 
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TABLE  2.3-V 


Radon  for  High  Reliability  Parts  and  Components* 

avlrorment  -  eqol patent  laboratory  operation 

pdlc  rate  *  6  cycles  (or  lass)  per  24  hours 

Lae  oo  *  sufficient  for  temperature  stabilisation 

grating  *  50  percent  or  greater  on  devices  In  columns  1,  2,  and  3 


Semiconductors 

and 

Microelectronic 

Devices 


Transformers 

and 

Inductors 


Electromechanical 
and  Rotating 
Devices 


Electrical 

6 


2000 


1000 


500 


200 


100 


50 


20 


10 


Transformers 


irld  IC  (thin  film) 


■Switches 


;h  power  transistor 
>rid  IC  (thick  film) 


Relays 

Servo  motors 


;h  power  diode 


Resolvers 

R.F.  chokes  and  coils  -+|  Torque r  motors 

Blower  motors 


•r  diode 

lit  emitting  diode 
ellthic  IC,  linear 


Reactors  and  inductors 
Magnetic  memory  cores 


ollthic  IC,  digital 
lum  power  transistor! 


power  transistor 
lum  power  diode 


power  diode - 


Lamps,  incandescent 
Lamps,  electrolumines 
Fuses 


Gyros,  integrating 

Counters  - 

Slip  rings 


Lamps,  annunciator' 


■Pulsed  integrating- 
pendulum 


Couplings** 
Connectors** 
Connector  pins** 


% 


Available  failure  inode  and  mechanism  data  indicate  an  over¬ 
whelming  tendency  of  power  on-off  cycling  to  induce  failures  in  the  open 
node.  Approximately  90  percent  of  the  failures  analysed  were  opens.  The 
reason  for  this  high  percentage  can  be  attributed  to  expansion  and  con¬ 
traction  effects  which  take  place  when  devices  are  energised  and  de¬ 
energised.  Improper  welds,  defective  solder  joints,  nicked  fine  wire, 
and  marginal  structural  assemblies  can  fail  when  subjected  to  this  environ¬ 
ment.  In  many  cases  the  malfunctions  which  occurred  can  be  tied  back  to 
improper  process  control  during  manufacturing,  a  situation  which  may  never  I 

be  completely  corrected. 

Power  on-off  cycling  appears  to  be  particularly  effective  in 
precipitating  poor  conductivity  fault  points  in  a  system.  This  is  illus¬ 
trated  by  on-off  cycling  failures  detected  in  transformers  with  opens, 
breaks,  fractures,  o:  bad  solder  joints;  in  switches  with  poor  solder  joints; 
in  capacitors  with  bad  internal  welds  and  solder  joints;  and  in  a  tachom¬ 
eter-generator  with  a  poor  solder  connection.  Although  thermal  cycling 
is  often  used  as  a  screen  to  detect  defects  such  as  those  described  for 
transformers,  it  is  possible  that  power  cycling  represents  a  better  way  to 
identify  potential  malfunctions  of  this  type.  The  reason  for  this  is  that 
power  cycling  can  induce  local  hot  spot  heating  at  the  area  where  the  defect 
exists.  The  failure  will  then  become  apparent  after  a  period  of  expansion 
and  contraction  caused  by  the  power  cycling. 


I 


t 


i 

i 

t 
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3.0  DORMANCY  FAILURE  RATES  AND  FACTORS 


3.1  Introduction 

The  purpose  and  intent  of  the  Dormancy  Program  has  been  the 
collection,  study,  and  analysis  of  electronic  equipment  reliability 
information  and  data  related  to  actual  dormant  conditions.  These  data 
have  been  U9ed  to  supplement  and  update  Reference  1,  including  development 
of  a  prediction  method  for  electronic  equipment  in  a  dormant  state  and  of 
quantifying  dormant  failure  rates  and  factors  for  use  in  the  prediction 
model.  No  testing  of  electronic  items  has  been  done  to  obtain  data,  but 
rather  an  extensive  data  survey  and  collection  effort  was  undertaken  to 
locate  and  obtain  necessary  data. 


The  equipment  studied  was  typical  of  those  used  to  perform 
electronic  functions  in  military  ground,  airborne,  missile,  missile 
shipboard,  and  satellite  applications.  Special  emphasis  was  given  to 
the  area  of  microelectronics.  In  addition,  some  data  on  electrical, 
electromechanical,  and  nonelectronic  devices  were  available  and  have 
been  included,  but  no  special  effort  was  made  for  these  categories. 

Dormancy  is  the  state  wherein  a  device  or  equipment  is  con¬ 
nected  to  a  system  in  the  normal  operational  configuration  ar.d  expe¬ 
riences  below  normal  or  periodic  electrical  and  environmental  stresses 
for  prolonged  periods  (up  to  five  years  or  more)  before  being  used  in 
a  mission.  Below  normal  electrical  stresses  are  considered,  for  the 
purposes  of  this  study,  to  range  from  less  than  10  percent  of  the 
normal  activation  (operational)  level  down  to  and  including  the  zero 
activation  level  (no  electrical  stress).  Figure  3.1-1  illustrates  /  ( 
typical  states  of  dormancy,  and  the  time  spans  associated  with  dormancy 
are  indicated  by  t  .  t  ,  t  ,  etc.  \ 

U1  °2  \ 

\ 

\ 

The  scope  of  this  study  also  has  been:  \ 

\ 

1_  To  include  effects  of  temperature  and 
humidity  as  well  as  any  other  environ¬ 
mental  stress  that  may  affect  reliability 
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Activation 


Normal 


<10X  Normal 
Zero 


Example  3  Dormant  Mode  -  With  Aperiodic  Cycles  With 

Either  No  Power  or  <10Z  Normal  Power  Applied 
During  Dormancy 


NOTE:  Symbols  are  defined  in  Section  8.0  herein. 
Figure  3.1-1  Typical  Dormancy  Modes  (Idealized) 
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2_  To  develop  device  failure  rate  and  failure 
node  information  aa  a  function  of  dormant 
operating  time  and  stresses 

To  develop  a  capability  for  predicting  the 
reliability  of  an  electronic  eyetem  subject 
to  given  conditions  of  dormant  operation 

<[  To  develop  a  capability  for  selecting  the 
specific  conditions  of  dormant  operation 
which  promote  attainment  of  maximum  system 
reliability. 

This  dormancy  study  ar.d  investigation  has  shown  that  during 
periods  of  dormancy  the  reliability  of  military  electronic  equipment 
is  affected.  Preliminary  mathematical  models  have  been  developed  to 
quantify  this  effect.  Corresponding  dormant  failure  rate  data,  factors, 
and  terminology  have  been  developed  for  use  in  the  models.  Analyses 
have  been  performed  on  the  data  to  determine  average  system  failure 
rates,  various  environmental  and  improvement  factors,  and  dormant  system 
reliability  growth  curves.  To  the  greatest  extent  possible,  failure 
analysis  results  have  been  sought  on  fiald  information  related  to  dor¬ 
mancy.  These  analyses  have  been  summarized  in  c  discussion  on  failure 
modes  and  mechanisms.  A  summary  of  the  total  quantity  of  data  collected 
is  shown  in  Table  3.1-1. 

There  are  areas  remaining  in  which  the  need  exists  for  additional 
data  in  order  to  better  estimate  or  validate  failure  rates.  The  primary 
need  is  for  data  on  state-of-the-art  integrated  circuits  such  as  Medium 
Scale  Integration  (MSI)  and  Large  Scale  Integration  (LSI)  devices.  These 
new  technology  part  types  had  not  been  used  in  the  dormant  systems  from 
which  data  were  available  for  this  study.  Most  systems  of  any  complexity 
utilizing  advanced  designs  involving  MSI,  LSI,  and  hybrids  are  either 
still  in  the  design  stages  or  have  not  been  in  the  field  long  enough  to 
accumulate  a  quantity  of  data  sufficient  to  permit  the  calculation  of 
best  estimate  failure  rates. 


3.2  Previous  Work 

A  previous  RADC  study  was  conducted  to  determine  the  effects 
of  dormant  operating  and  storage  conditions  on  electronic  equipment  and 
parts.  This  study  culminated  in  July,  1967,  with  report  RADC-TR-  '7-307 
(Reference  1)  which  contained  over  760  billion  part -hours  of  experience. 
Failure  rates  were  given  for  all  major  electrical  part  types  and  infor¬ 
mation  on  failure  inodes  and  mechanisms  was  included.  Modeling  techniques 
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TABLE  3.1-1 


Summary  of  Dormancy  Data  Collected 


Part  Classification 
Military  Standard 
High  reliability 
Ultimate 

Total 


Part-Hours  of  Raw  Data 


(x  109) 


54.515 

205.463 

16.550 

276.528 


wars  developed  to  show  the  methods  by  which  realistic  weapon  system 
decisions  can  bo  made  to  obtain  maximum  nonoperating  survivability. 
The  data  and  parts  contained  in  this  study  are  from  8  to  15  years  old 
and  can  be  considered  obsolete  with  the  advances  in  the  state-of-the- 
art  in  microelectronics  and  advanced  semiconductor  devices. 


J.3  Part  Classes  and  Failure  Rates 

Most  sources  of  the  data  collected  for  this  contract  reported 
only  catastrophic  failures.  The  few  cases  in  which  drift  failures  were 
reported  were  insufficient  to  allow  calculation  of  drift  failure  rates 
so  drift  failures  and  failure  rates  have  not  been  included  in  the  study. 

Brownlee's  test  (see  Appendix  A  and  Reference  15)  was  used  to 
test  sources  within  part-classes  for  consistency  wherever  sufficient 
data  were  available.  The  only  serious  anomaly  discovered  concerned  a 
single  source,  and  involved  slightly  over  2  billion  part-hours  of  data 
on  Military  Standard  transistors.  The  failure  rate  for  this  data  was 
significantly  better  (Brownlee's  test  conducted  at  5  percent  level) 
than  that  for  other  sources  involving  the  same  part  type  and  quality. 

In  fact,  the  failure  rates  from  this  source  were  slightly  better  than 
those  in  the  high  reliability  part  class.  The  slightly  over  2  billion 
part-hours  involved  were  deleted  from  the  study.  Table  3. 3. 2-1  reflects 
this  deletion. 

There  are  three  primary  grades  of  parts  referred  to  in  this 
report!  Military  standard,  high  reliability,  and  ultimate-  A  brief 
description  of  the  tests  associated  with  each  grade  is  given  in  Table 
3.3-1.  The  high  reliability  grade  is  most  similar  to  the  select  mili¬ 
tary  standard  type  referred  to  in  RADC-TR-67-307  (Reference  1) .  For 
integrated  circuits,  MIL-STD-883  Class  "C"  is  considered  to  be  Military 
Standard  and  MXL-STD-883  Classes  “A"  and  "B"  are  high  reliability.  Only 
one  source  was  classified  in  the  ultimate  grade,  the  BTL  submarine  cable 
repeaters.  As  a  minimum,  these  parts  receive  a  6  month  burn-in.  A 
complete  description  of  the  production  controls  and  screening  programs 
for  these  devices  is  given  in  Reference  2. 


3-3.1  Commercial  Part  Class 

No  data  were  available  on  parts  of  this  class. 
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TABLE  3.3-1 

Description  of  Electronic  Pert  classifications 


Associated  Testing 

Typical  Using 

Part  Classification 

and  Screening 

Project 

1  Military  Standard 

Group  >  Environmental  Proof  Teats 

Pershing 

Group  B  Electrical  Tests 

2  High  reliability 

Class  1,  Selected  Vendor,  Serializing, 

SPRINT 

100%  Receiving  Inspection,  100%  Burn-in 

Minuteaan  II  t  III 

3  Ultimate 


Class  2,  1004  Extended  Burn-in, 
Parameter  Drift  Screening,  Stringent 
Quality  Inspections 


Bell  System 

Undersea 

Cajole  Repeater- 


3.3.2  Military  Standard  Part  Class 

Over  54  billion  part  hours  of  experience  and  167  catastrophic 
failures  were  collected  for  this  part  class.  This  was  sufficient  to 
allow  calculation  of  best  estimates  of  failure  rates  for  high  usage 
parts.  Additional  experience  is  still  needed  for  calculation  of  failure 
rates  for  low  usage  parts. 

Military  Standard  883,  Class  C  integrated  circuits  were  included 
in  this  class  of  parts. 

These  data  are  presented  in  Table  3. 3. 2-1. 


3.3.3  High  Reliability  Part  Class 

Over  205  billion  part  hours  of  experience  and  84  failures  were 
collected  for  this  part  class.  Failure  rates  were  calculated  for  many 
high  usage  parts,  but  additional  experience  is  needed  to  establish  fail¬ 
ure  rates  for  remaining  categories. 

Military  Standard  883  Class  A  and  Class  B  integrated  circuits 
were  included  in  this  class. 

These  data  are  presented  in  Table  3. 3. 3-1. 


3.3.4  Ultimate  Reliability  Parts 

Bell  Telephone  Laboratories  contributed  16.5  billion  part  hours 
of  data  on  components  intended  for  use  in  undersea  cables.  These  parts 
were  subjected  to  extiemely  rigorous  screening  techniques  including  a 
4500  hour  burn-in.  Comparison  of  this  data  with  that  of  the  high  relia¬ 
bility  part  class  indicated  that  the  Bell  data  had  a  considerably  lower 
failure  rate  and,  therefore,  should  be  segregated. 

No  failures  were  observed  for  these  data;  therefore,  best 
estimates  of  the  upper  failure  rate  limit  were  calculated  assuming 
one  failure.  These  have  been  included  in  this  report  as  an  indication 
of  the  part  reliability  which  can  be  obtained  if  screening  procedures 
approaching  the  ultimate  are  utilized. 


These  data  are  presented  in  Table  3. 3.4-1. 
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TABLE  3. 3. 2-1 


Observed  Dormancy  Failure  Data,  Military  standard  Parts 


Part  Type 


Part-Hours  (xlO  ) 


D  D 

Fail-  Failure  Rate 

ures  (Per  Billion  Hours) 


Antennas  and 


Peripheral  Equip. 

4.260 

0 

<234.74 

Antennas 

0.610 

0 

<1639.34 

Attenuators 
Circulators , 

0.610 

0 

<1639.34 

Four  Port 

1.010 

0 

<990.10 

Couplers ,  Antenna 

1.220 

0 

<819.67 

Couplers,  Directional  0.810 

0 

<1234.57 

Capacitors 

10876.852 

18 

1.65 

General  Class 

9406.075 

11 

1.17 

Ceramic 

729.386 

3 

4.11 

Chip 

18.301 

0 

<54.64 

Glass 

4.554 

0 

<219.59 

Metalized  Paper 

329.000 

2 

6.08 

Mica 

296.573 

0 

<3.37 

Mylar 

0.109 

0 

<9174.31 

Tantalum,  Foil 

7.698 

0 

<129.90 

Tantalum,  Slug,  Wet  0.843 

Variable,  Trimmer, 

2 

2372.48 

Piston 

84.313 

0 

<11.86 

Filters 

26.586 

1 

37.61 

Ceramic ,  Bandpass 

0.126 

0 

<7936.51 

Ceramic,  Feed-Through  0.378 

1 

2645.50 

Transmittal 

0.378 

0 

<2645.50 

RC,  Low  Pass 

25.704 

0 

<38.90 

Flight  Instruments, 

Missile 

264.000 

25 

94.70 

Fuses 

1.500 

0 

<666.67 
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TABLE  3. 3. 2-1 
(continued) 

D  D  A0 

6  Fail-  Failure  Rate 

Part  Type  Part-Hours  (xlO  )  ures  (Per  Billion  Hours) 


Inductive  Devices 

6.174 

0 

<161.97 

Chokes 

0.756 

0 

<1322.75 

Coils,  RF 

5.418 

0 

<184.57 

Inertial  Guidance 

Devices  1.008 

0 

<992.06 

Accelerometers 

0.378 

0 

<2645.50 

Angular 

0.252 

0 

<3968.25 

Linear 

0.126 

0 

<7936.51 

Gyros,  Rate 

0.630 

0 

<1587.30 

Microwave  Devices, 

Isolator 

0.126 

0 

<7936.00 

Relays 

472.000 

18 

38.14 

Resistors 

31992.482 

17 

0.53 

General  Class 

23097.618 

11 

0.48 

Carbon  Composition  4652.000 

0 

<0.21 

Carbon  Film 

6.134 

0 

<163.03 

Metal  Film 

3290.034 

0 

<0.30 

Thermistor 

95.284 

3 

31.48 

Wi rewound 

840.846 

2 

2.38 

General  Class 

135,547 

0 

<7.38 

Power 

376.299 

2 

5.31 

Precision 

329.000 

0 

<3.04 

Variable 

10.566 

1 

94.64 

Semiconductors 

10351.900 

65 

6.28 

Diodes 

6871.000 

41 

5.97 

General  Class 

6036.000 

41 

6.79 

Low  Power 

228.000 

0 

<4.39 

Zener 

607.000 

0 

<1.65 

Integrated  circuits. 

Class  C 

1952.900 

8 

4.10 

Digital 

1952.900 

8 

4.10 

Transistors, Silicon  1528.000 

16 

10.47 

Surge  Arrestors, 

Sparkgap 

7.290 

0 

<137.17 

Trans  formers 

509.000 

9 

17.68 

Tubes 

1.017 

14 

13765.98 

Valves,  Hydraulic, 

Servo  0."756 

0 

<1322.75 

Total 

54,514.951 

167 

3.06 

TABLE  3. 3. 3-1 


Observed  Dormancy  Failure  Data,  High  Reliability  Parts 


Part  Type  Part-Hours  (xlO6) 

Fail¬ 

ures 

Failure  Rate 
(Per  Billion  Hours) 

Batteries , Silver-Zinc 

0.200 

0 

<5000.00 

Capaci  tors 

13295.384 

15 

1.13 

General  Class 

4165.800 

2 

0.48 

Aluminum  Electro¬ 
lytic 

6.080 

0 

<164.47 

Ceramic 

3103.041 

2 

0.64 

Feed  Through 

11.551 

0 

<86.57 

Glass 

294.843  ‘ 

0 

<3.39 

Metallic  Film 

2.200 

0 

<454.55 

Mica 

354.207 

1 

2.82 

Mica,  Dipped 

8.820 

0 

<113.38 

Mica,  Reconstituted 

0.410 

0 

<2439.02 

Paper 

18.645 

0 

<53.63 

Plastic 

30.222 

1 

33.09 

Poly carbon  Film 

23.728 

1 

42.14 

Polystyrene 

9.500 

0 

<105.26 

Tantalum,  Gen  Class 

2612.092 

2 

0.77 

Tantalum,  Foil 

144.782 

0 

<6.91 

Tantalum,  Solid 

2029.836 

1 

0.49 

Tantalum,  Wet 

430.093 

4 

9.30 

Teflon 

0.376 

0 

<2659.57 

Variable,  Air 

40.630 

1 

24.61 

Variable,  Ceramic 

0.322 

0 

<3105.59 

Variable,  Glass 

8.206 

0 

<121.86 

Connective  Devices 

91158.575 

1 

0.01 

Connectors 

800.975 

1 

1.25 

Pins 

55437.600 

0 

<0.02 

Soldered  Connec¬ 
tions 

34920.000 

0 

<0.03 

Crystals 

20.065 

0 

<49.84 

Electromechanical 

Devices 

23.720 

0 

<42.16 

Counters 

1.400 

0 

<714.29 

Fans 

1.020 

0 

<980.39 

Axial 

0.610 

0 

<1639.34 

Centrifugal 

0.410 

0 

<2439.02 

Motors 

6.600 

0 

<151.52 

Blower 

1.500 

0 

<666.70 

TABLE  3.3. 3-1 
(continued) 


6  Fail-  Failure  Rate 

Part  Type  Part-Hours  (xlO  )  ures  (Per  Billion  Hours) 


DC 

0.200 

0 

<S000.00 

Servo 

1.900 

0 

<526.32 

Torque 

3.000 

0 

<333.33 

Resolvers 

8.800 

0 

<113.64 

Sli^  Rings 

5.900 

0 

<169.49 

Filters 

98.532 

0 

<10.15 

General  Class 

88.488 

0 

<11.30 

EMI 

10.044 

0 

<99.56 

Fuses 

1.500 

0 

<666.67 

Heaters 

1.900 

0 

<526.32 

Inductive  Devices 

655.527 

0 

<1.53 

Chokes 

9.437 

0 

<105.97 

Coi  Is 

364.981 

0 

<2.74 

General  Class 

79.181 

0 

<12.63 

Radio  Frequency 

285.800 

0 

<3.50 

Delay  Lines 

0.752 

0 

<1329.79 

Inductors 

261.557 

0 

<3.82 

Reactors 

18.800 

0 

<53.19 

Inertial  Guidance 

5.220 

8 

1532.57 

Devices 

Accelerometers 

2.610 

6 

2298.85 

General  Class 

0.410 

0 

<2439.02 

Pulsed  Integrating 

Pendulum 

2.200 

6 

2727.27 

Gyros 

2.610 

2 

766.28 

General  Class 

0.410 

0 

<2439.02 

Inertial  Reference 
Integrating 

t 

2.200 

2 

909.09 

Lamps 

37.500 

2 

53.33 

Annunciator 

0.700 

0 

<1428.27 

Electroluminescent 

27.300 

1 

36.63 

Incandescent 

9.500 

1 

105.26 

Oscillator  /  Isolator 

0.200 

0 

<5000.00 

Magnetic  Cores  24771.000 

0 

0.04 

Relays 

567.905 

10 

17.61 
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Part  Type 


Resistors 

General  Class 
Carbon  Composi¬ 
tion 

Carbon  Film 
Metal  Film 
Thermal 
Thermistor 
Tin  Oxide 
Wirewound 
General 
Power 
Precision 
Heater  Element 
Variable 

General  Class 
Film 
Plastic 
Wirewound 

Semiconductors 

Diodes 

General  Class 
Low  Power 
Medium  Power 
High  Power 
Micro 
Tunnel 
Varactor 
Zener 

Integrated  Circuits 
Class  A 
Digital 
Linear 
Class  B 

General  Class 

Digital 

Linear 

Hybrid  Class  B 
(thin  film) 

Silicon  Controlled 
Recti  tiers 


TABLE  3. 3. 3-1 
(continued) 


s 

fd 

XD 

A 

Fail¬ 

Failure  Rate 

Part-Hours  (xlO  ) 

ures 

(Per  Billion  Hours! 

32518.917 

2 

0.06 

4757.200 

0 

<0.21 

6896.740 

0 

<0.14 

107.934 

0 

<9.26 

12533.498 

1 

0.08 

1.925 

0 

<519.48 

4.578 

0 

<218.44 

4655.400 

0 

<0.21 

3499.183 

0 

<0.29 

601.582 

0 

<1.67 

2108.571 

0 

<0.47 

788.020 

0 

<1.27 

1.010 

0 

<990.10 

62.459 

1 

16.01 

36 . 898 

0 

<27.10 

23.300 

1 

42.92 

0.756 

0 

<1322.75 

1.505 

0 

<664.45 

38573.832 

33 

0.86 

18761.312 

7 

0.37 

9415.329 

3 

0.32 

7605.035 

3 

0.39 

694.435 

0 

<1.44 

133.321 

0 

<7.50 

11.364 

0 

<83.00 

1.912 

0 

<523.01 

1.913 

0 

<522.74 

898.003 

1 

1.11 

9027.236 

14 

1.55 

5663 . 7  36 

6 

1.02 

5328.202 

5 

0.94 

535.534 

1 

1.87 

3120.254 

7 

2.24 

615.000 

C 

<1.63 

2269.720 

5 

2.20 

235.534 

2 

8.49 

43.246 

1 

23.12 

57.60C 

0 

<17.36 
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TABLE  3.3. 3-1 
(continued) 

S  rD  *D 

g  Pell-  Failure  Rate 

Part  Type  Part-Hours  (xlO  )  urea  (Per  Billion  Hours) 


Transistors, 


Silicon 

10662.041 

12 

1.13 

General  Class 

3146.791 

3 

0.95 

Low  Power 

5482.804 

6 

1.09 

General  Category 

1761.401 

1 

0.57 

NPN 

3035.643 

4 

1.32 

PNP 

685.760 

1 

1.46 

Medium  Power 

523.933 

0 

<1.91 

General  Class 

86.000 

0 

<11.63 

NPN 

249.326 

0 

<4.01 

PNP 

188.607 

0 

<5.30 

High  Power 

1435.810 

3 

2.09 

General  Class 

192.663 

1 

5.19 

NPN 

791.156 

2 

2.53 

PNP 

4S1.991 

0 

<2.21 

Field  Effect 

71.674 

0 

<13.95 

Unijunction 

1.027 

0 

<973.71 

Transistors,  Germanium  65.637 

0 

<15.24 

Low  Power,  NPN 

20.834 

0 

<48.00 

Low  Power,  PNP 

44.P03 

0 

<22.32 

Solar  Cells 

748.583 

8 

10.69 

Switches 

50.951 

2 

39.25 

General  Class 

32 . 100 

0 

<31.15 

Electronic 

1.220 

0 

<819.67 

Humidity  Control 

0.410 

0 

<2439.02 

Indicator  Light 

1.220 

0 

<819.67 

Inertial 

0.410 

0 

<2439.02 

Micro 

4.226 

0 

<236.63 

Pressure 

0.610 

0 

<1639.34 

RF 

0.956 

0 

<1046.03 

RF, Ferrite 

0.139 

0 

<7194.24 

Stepping 

5.000 

2 

400.00 

Thermostatic 

3.650 

0 

<273.97 

Toggle 

1.010 

0 

<990.10 

Temperature  Sensors 

0.200 

0 

<5000.00 

Thermostats 

3.724 

0 

<268.53 

Transformers 

2928. 309 

3 

1.02 

General  Class 

1987.016 

1 

0.50 

TABLE  3.3. 3-1 
(continued) 


Part  Type 

Part-Hours  (xloS 

FD 

Fail¬ 

ures 

XD 

Failure  Rate 
(Per  Billion  Hours 

Audio  Frequency 

632.810 

2 

3.16 

High  Voltage 

6 .651 

0 

<150.34 

Low  Voltage 

1.319 

0 

<758.15 

Power 

83.028 

0 

<12.04 

Pulse 

9.514 

0 

<105.11 

Radio  Frequency 

207.771 

0 

<4.81 

Saturable 

0.200 

0 

<5000.00 

Tubes ,  Spry  tron 

0.410 

0 

<2439.02 

Video  Signal  Detectors  0.610 

0 

<1639.34 

Total 

205,462.764 

84 

0.41 
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TABLE  3. 3. 4-1 


Observed  Dormancy  Failure  Data,  Ultimata  Reliability  Parts 


Part  Type 

s 

Part-Hours  (xlO  ) 

n 

*D 

Failure  Rate 
(Per  Billion  Hours) 

Resistors 

S330.0 

0 

<0.19 

|  Carbon  Composition  1220.0 

0 

<0.82 

Vitreous  Enamel 

210.0 

0 

<4.76 

Wi  rewound 

4000.0 

0 

<0.25 

Capacitors 

6320.0 

0 

<0.16 

Mica 

3600.0 

0 

<0.28 

Paper 

1880.0 

0 

<0.53 

Polystyrene 

840.0 

0 

<1.20 

Inductors 

43S0.0 

0 

<0.20 

Trans  formers 

550.0 

0 

<1.82 

Total 

16550.0 

0 

<0.06 
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3.4 


Microelectronics 


Because  of  the  current  interest  in  microelectronics  by  both 
industry  and  government/  a  detailed  discussion  of  the  data  collected 
on  this  part  class  is  included. 

Nearly  11  billion  part-hours  of  data  accumulated  from  field 
experience  have  been  collected  from  user  sources.  Failure  rates  were 
calculated  for  most  part  classes.  This  data  is  presented  in  Table 
3.4-1. 

Table  3.4-II  presents  the  user  failure  rates  for  digital  and 
linear  integrated  circuits  normalised  in  each  case  to  the  observed 
value  for  Class  A  screened  parts.  For  digital  devices,  moving  from 
screening  Class  B  to  A  or  from  C  to  B  halves  the  average  failure  rate. 
For  linear  devices  moving  from  screening  Class  B  to  A  quarters  the 
average  failure  rate.  No  factor  was  calculated  for  linear  Class  C 
since  data  were  not  available.  It  should  be  noted  that  these  factors 
are  not  intended  to  apply  tc  specific  microelectronic  devices,  but  to 
indicate  the  average  trend  in  reliability  improvement  which  could 
be  achieved  by  tightening  screening  procedures. 


3.5  Factors 

3.5.1  Storage  Versus  Dormancy 

Preliminary  examination  of  storage  and  dormancy  data  led  to 
the  tentative  conclusion  that  part  failure  rates  were  substantially 
the  same  for  both  environments.  A  subsequent  statistical  analysis  of 
the  data  confirmed  this  conclusion. 


3-16 


TABLE  3.4-1 


Dormant  Integrated  Circuit  User  Data  Summary 


F_ 

X 

t 

S 

D 

Part  Type 

D  6 

Fail- 

Failure  Rate 

Part-Hours  (xlO  ) 

ure 

(Per  Billion  Hours) 

Class  A 

5863.736 

6 

1.02 

Digital 

5328.202 

5 

0.94 

Linear 

535.534 

1 

1.87 

Class  B 

3120.254 

7 

2.24 

General  Class 

615.000 

0 

<1.63 

Digital 

2269.7-0 

5 

2.20 

Linear 

235.534 

2 

8.49 

Class  C,  Digital 

1952.900 

8 

4.10 

Total 

10936.890 

21 

1.92 

Class  A  and  Class  B  parts  are  high  reliability 
Class  C  parts  are  Military  Standard. 


TABLE  3 .4-11 


Failure  Rate  Factors  for  Digital  and  Linear 
Integrated  Circuits  by  Classes  A,  B,  and  C  of  MIL-STD-883 


/ 

t 

Failure  Rate 

Integrated 

Reliability 

D 

Circuit  Type 

Class 

Part- Hours 

Factors 

Digital 

Class  A 

5328.202 

1.0* 

Class  B 

2269.720 

2.3* 

Class  C 

1952.900 

4.4* 

Linear 

Class  A 

535.534 

1.0** 

Class  B 

235.534 

4.5** 

Class  C 

0 

Normalized  to  Class  A,  Digital 
Normalized  to  Class  A,  Linear 


Brownlee's  test  (refer  to  Appendix  A  end  Reference  15)  for 
the  comparison  of  two  Poisson  distributed  observations  was  used  to 
determine  if  a  significant  difference  existed  between  the  storage  and 
dormancy  failure  rates. 

The  initial  intent  was  to  perform  this  test  for  each  individual 
part  type.  This  approach  could  not  be  used  because  so  many  part  types 
exhibited  no  failures  for  one  or  both  environments  (Brownlee's  test 
requires  at  least  one  failure  from  each  population) .  Sufficient  data 
to  perform  these  tests  were  available  for  seven  part  classifications . 

These  are  listed  in  Table  3. 5. 1-1  with  their  dormant  and  storage  failure 
rates,  F-statiatic  calculated  using  Brownlee's  test,  degrees  of  freedom  for 
the  F-statistic,  and  the  rejection  value.  The  null  hypothesis  of  equal 
failure  rates  for  the  dormant  and  storage  modes  cannot  be  rejected  for  any 
of  these  classifications  at  the  5  percent  significance  level. 

Failing  to  reject  the  hypothesis  of  equality  is  not  the  same 
as  accepting  it.  A  real  difference  could  exist  between  the  two  popula¬ 
tions,  yet  its  magnitude  might  be  so  small  that  more  data  is  needed  to 
reveal  it.  In  this  case,  any  real  difference  is  judged  to  be  so  slight 
that  it  can  safely  be  concluded  that  no  significant  difference  exists. 

For  this  reason  dormancy  and  storage  data  have  been  combined  for  all 
analyses  in  this  report. 

3.5.2  Environmental 

Because  environment  has  a  pronounced  effect  upon  operating 
failure  rates,  an  attempt  has  been  made  to  determine  the  extent  to 
which  dormant  failure  rates  are  affected  by  various  environmental 
conditions. 

3. 5. 2.1  Temperature  and  Humidity 

Excluding  satellite  data,  greater  than  85  percent  of  the  data 
collected  from  equipment  users  have  been  accumulated  in  a  controlled 
environment  such  that  temperature  and  humidity  were  maintained  relatively 
constant.  Therefore,  the  average  temperature  range  associated  with 
these  data  is  75  t  10°F.  Likewise,  the  average  humidity  experienced  by 
the  equipments  is  estimated  to  be  60  ±15  percent.  Because  of  the 
limited  temperature  and  humidity  ranges  in  most  of  the  data,  no  pro¬ 
nounced  differences  in  the  dormant  catastrophic  failure  rates  can  be 
identified.  This  is  true  for  both  Military  Standard  parts  as  well  as 
high  reliability  parts. 
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3. 5.2. 2  Location,  Transportation,  and  Handling  Factors 


The  collected  data  represent  several  different  location  environ¬ 
ments  which  can  be  categorized  for  the  purpose  of  deriving  numerical 
location  mode  factors.  Eleven  major  systems  comprised  of  high  relia¬ 
bility  parts  have  been  used  to  obtain  the  factors  shown  in  Table  3. 5. 2-1. 
As  depicted  by  the  table,  there  are  significant  differences  among  the 
four  location  environments.  To  make  the  comparison,  only  the  five  primary 
part  classes  common  to  most  systems  were  used:  resistors,  capacitors, 
diodes,  transistors,  and  integrated  circuits. 


The  location  mode  factors  in  Table  3. 5. 2-1  have  been  normalized 
to  the  environment  consisting  of  equipment  in  containers  in  a  controlled 
environment.  Almost  without  exception,  the  containers  used  are  the  type 
with  internal  environmental  controls  for  temperature  and  humidity.  In 
situations  where  the  controls  in  the  containers  were  not  used,  they  were 
located  inside  an  environmentally  controlled  facility.  This  environ¬ 
ment  is  the  closest  to  what  might  be  termed  a  laboratory  environment. 

The  satellite  and  submarine  modes  are  self  explanatory.  The 
remaining  mode  consists  of  equipments  which  were  not  in  a  protective 
container,  but  were  located  in  a  facility  with  a  controlled  environment. 

The  location  factors  were  calculated  by  combining  the  failure 
rates  of  all  the  electronic  parts  in  each  mode  and  determining  the  ratio 
of  the  total  failure  rate  of  each  mode  to  the  normalizing  mode.  Thus, 
the  factor  of  the  mode  to  which  each  other  mode  is  normalized  is  unity. 
The  location  factors  in  Table  3. 5. 2-1  include  transportation  and  handling 
effects  incidental  to  each  mode.  It  should  be  noted  that  the  factors 
given  in  this  section  are  not  intended  as  multipliers  for  the  dormancy 
part  failure  rates  shown  in  this  report,  but  rather  are  intended  as 
severity  indicators. 

The  location  mode  factors  shown  in  Table  3. 5. 2-1  may  be  divided 
into  their  passive  component  f resistors  and  capacitors)  and  active  com¬ 
ponent  (transistors,  diodes,  and  integrated  circuits)  constituents. 

Using  the  same  data.  Table  3.5.2-XI  has  been  developed  showing  these 
factors.  As  to  be  expected,  the  passive  component  factors  are  signif¬ 
icantly  less  than  those  for  the  active  components.  The  factors  were 
obtained  by  the  same  methods  used  for  Table  3. 5. 2-1. 
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TABLE  3. 5.2-1 


Normalized  Dormancy  Location  Mode  Factors  for 
High  Reliability  Electronic  Parts* 


Dormant 

Environment 

Location  Mode 

Factor 

(v 

Part  Hours  of 
Experience  (xlO  ) 

Satellite 

0.3 

25.95 

Ground  -  Inside  container 

in  controlled  environ- 

1.0 

45.48 

ment 

Ground  -  No  container  in 

controlled  environment 

3.3 

4.22 

Submarine 

9.8 

3.95 

*  Parts  consist  of  resistors,  capacitors,  diodes,  transistors,  and  IC's 
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TABLE  3.5.2-II 


Normalized  Dormancy  Location  Mode  Factors  for 
Passive  and  Active  High  Reliability  Electronic  Parts 


Dormant 

Environment 


Location  Mode  Factor 


Passive  Parts 
(Resistors  and 
Capacitors) 


Active  Parts 
(Semiconductors  and 
Microelectronics) 


Satellite 


0.2* 


0.5 


Ground  -  Inside  container 
in  controlled  environ¬ 
ment 

Ground  -  No  container  in 
controlled  environ¬ 
ment 

Submarine 


1.0 


1.9 


7.4 


1.0 


5.0 


13.1 


*  One  failure  was  assumed  to  obtain  this  factor 


3.6 


Failure  Rate  Tables 


3.6.1  Microelectronic  Devices 

The  data  in  Table  3.6. 1-1  were  available  for  the  construction 
of  Table  3.6.1-11,  Catastrophic  Dormant  Failure  Rates  for  Microelectronic 
Devices. 


TABLE  3. 6.1-1 

Dormancy  Data  Available  to  Construct  Microelectronic 
Device  Failure  Sate  Chart 


Microelectronic 

Device 

By  Class  A,  B,  or  C 

CD 

Dormancy 
Experience 
Part-Hours  xlO 

F 

D 

Number  of 
Failures 

XD 

Failure  Rate 
-9 

xlO 
(fi ts) 

Integrated  circuits 
Class  A 

Digital 

5328.202 

5 

0.94 

Linear 

535.534 

1 

1.87 

Class  B 

Digital 

2269.720 

5 

2.20 

Linear 

235.534 

2 

8.49 

Hybrid(Thin  Film) 

43.246 

1 

23.12 

Class  C 

Digi  tal 

1952.900 

8 

4.10 

Table  3.6.1-II  values  of  1  and  2  fits  chosen  for  Class  A  mono¬ 
lithic  integrated  circuits  seem  obvious.  The  Class  B  values  of  2  and  7 
fits  are  also  fairly  obvious  -  the  rate  of  8.40  fits  being  just  closer  to 
7  than  to  10.  The  vaiue  of  5  fits  for  Class  C  Digital  was  also  chosen 
because  4.1  is  closer  to  5  than  to  3  fits. 


Catastrophic  Dormant  Failure  Rates  (Failures/Billion  Part-Hours) 


The  value  of  20  fits  chosen  for  Class  C  linear  integrated  cir¬ 
cuits  (IC's)  was  based  on  rank  ordering.  By  observing  Class  A,  a  ratio 
can  be  seen  of  two  to  one  worse  failure  rate  for  linear  compared  with 
digital  IC’s  and  three  and  a  half  to  one  for  Class  B;  a  ratio  of  four 
fits  to  one  would,  therefore,  not  be  unexpected  for  Class  C. 

It  should  be  noted  that  there  is  only  one  data  point  for  hybrid 
IC's  -  that  for  Class  B  (thin  film)  set  at  20  fits  in  the  table.  Bank 
ordering  (See  Section  7.0,  Glossary)  has  been  used  for  placing  the  other 
hybrids  in  the  table,  also  realizing  the  number  of  failure  mechanisms 
listed  for  monolithic  IC's  is  about  45.  The  number  of  failure  mechanisms 
listed  for  hybi id  (thick  film)  includes  the  45  for  monolithic  IC's  plus 
about  33  more  or  78  total.  The  known  mechanisms  for  hybrid  (thin  film) 
total  twentv-nine  more  of  which  the  most  significant  are  electrolytic  cor¬ 
rosion,  m  gration,  etc.  The  thin  film  hybrid  is,  therefore,  regarded  as 
somewhat  more  prone  to  failure  than  the  thick  film  hybrid  and  the  latter 
is  set  at  15  fits. 

In  Class  A  the  ratio  of  hybrid  (thick  film)  to  the  monolithic 
digital  has  been  set  at  3  to  1  rather  than  7.5  to  1  as  found  in  Class 
B.  These  factors  tend  to  narrow  down  in  the  better  grades  and  widen 
with  the  less  reliable  grades,  which  is  why  the  hybrid  (thick  film) 
in  Class  C  is  set  at  50.  The  hybrid  IC's  (thin  film)  are  set  at  the 
next  level  hi.  -.er  than  the  thick  film  in  all  three  classes  in  keeping 
with  the  judgment  that  they  are  somewhat  less  reliable  than  thick  film 
because  they  are  subject  to  a  greater  number  of  and  more  active  type 
failure  mechanisms. 


36.2  Resistors  and  Capacitors 

A  catastrophic  dormant  failure  rate  table  has  been  constructed 
fcr  resistors  and  capacitors  of  Military  Standard  and  high  reliability 
grade  (or  class)  of  parts.  Table  3.6. 2-1  is  this  table. 


3.6.2. 1  Resistors 

The  carbon  composition  resistor  is  a  basic  type  useful  for 
constructing  a  failure  rate  table.  The  accumulated  Military  Standard 
experience  data  amount  to  over  4.6  billion  part-hours  with  no  failures. 
This  yields  a  failure  rate  of  less  than  0.21  fit.  However,  earlier 
data  indicate  a  rate  of  0.1  fit,  and  this  value  has  been  allowed  to 
stand.  Now  if  all  the  Military  Standard  grade  data  are  added  to  the 
Established  Reliability  data,  i.e.,  22.3  billion  part-hours  with  only 
one  reported  failure,  the  failure  rate  is  about  0.05  fit.  However,  the 
Established  Reliability  failure  rate  has  been  placed  at  0.07  fit  as  a 
conservative  step. 
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CitutrotKlc  Dormant  Pallurt  Ut«i  (<*tl«r«i/bllllon  pmrt'logri) 


nt  Failure  bIM  <  falluree/M 


The  Military  Standard  metal  film  resistor  data  yield  a  failure 
rate  less  than  0.3  fit.  This  validates  the  failure  rate  determined 
earlier  at  0.2  fit  so  it  has  been  left  standing.  The  tin  oxide  resistor 
is  deemed  equal  to  the  metal  film  resistor  in  the  Military  Standard 
grade. 


Data  accumulated  for  the  Established  Reliability  grade  metal 
film  resistor  amount  to  about  12.5  billion  part-hours  with  just  one 
failure  thus  yielding  a  failure  rate  equal  to  0.08  fit.  This  has  been 
set  at  0.1  fit.  More  recent  dita  for  the  Established  Reliability  tin 
oxide  resistor  indicate  a  failure  rate  less  than  0.21  so  this  has  been 
placed  at  0.15  -  not  quite  as  good  as  the  metal  film  type  in  this  grade. 

The  more  recent  Military  Standard  precision  wirewound  resistor 
data  yield  a  failure  rate  less  than  3  fits.  This  has  been  set  at  2 
fits,  considerably  better  than  the  previous  5  fits.  Wirewound  pcwer 
resistors  are  generally  regarded  as  more  reliable  than  the  precision 
type  so  the  failure  rate  has  been  set  at  1  fit  despite  the  data  which 
indicates  about  5  fits.  This  is  a  clear  case  of  rank  ordering  and  will 
be  seen  justified  in  the  Established  Reliability  grade. 

The  recent  Established  Reliability  wirewound  resistor  data  for 
precision  and  power  types  are  of  the  right  order  yielding  failure  rates 
of  less  than  1.27  and  less  than  0.47  fit  respectively.  These  have  been 
set  at  1  and  0.5  fit  respectively. 

The  more  recent  data  for  Military  Standard  carbon  film  resistors 
are  not  as  plentiful  as  the  earlier  data.  When  the  two  sets  of  data  are 
combined,  the  resulting  failure  rate  remains  about  5  fits  where  it 
stands.  The  Established  Reliability  grade  of  this  resistor  has  a  failure 
rate  set  at  3  fits  by  rank  ordering,  and  is  consistent  with  the  more 
recent  data  yielding  a  failure  rate  of  less  than  9  fits. 

The  more  recent  data  for  Military  Standard  thermistors  are  con¬ 
sidered  better  than  previous  data  so  the  resulting  failure  rate  of  about 
30  fits  has  been  placed  on  the  table  along  with  varistors.  The  Estab¬ 
lished  Reliability  grade  has  been  set  at  10  fits  by  rank  ordering  be¬ 
cause  of  too  little  available  data. 

In  evaluating  the  data  for  variable  resistors,  it  was  not  possible 
to  segregate  the  data  by  type  since  then  too  little  data  would  be  avail¬ 
able  for  each  separate  type;  so  data  for  all  types  were  combined  as  being 
Established  Reliability  grade  yielding  a  failure  rate  set  at  15  fits. 

The  Military  Standard  grade  failure  rate  is  set  at  50  fits  by  rank  order¬ 
ing,  there  being  insufficient  data  to  do  otherwise. 
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3. 6. 2. 2  Capacitors 

Both  previous  and  recent  data  for  Military  Standard  grade 
ceramic  capacitors  were  combined  for  a  failure  rate  of  about  1.7  fits 
based  on  over  1.75  billion  part-hours  experience  with  3  failures.  This 
type  was  placed  at  1.5  fits.  The  Established  Reliability  grade  failure 
rate  has  been  place  at  0.7  fit  based  on  3.1  billion  part-hours  data  with 
2  failures  yielding  0.64  fit.  This  also  satisfies  rank  ordering. 

The  Established  Reliability  grade  of  solid  tantalum  capacitors 
has  been  set  at  a  failure  rate  of  0.5  fit  based  on  over  2  billion  part- 
hours  data  with  one  failure.  The  Military  Standard  grade  was  set  at  1 
fit  based  on  rank  ordering,  no  recent  data  being  available. 

In  the  earlier  report  no  distinction  was  made  between  wet  foil 
and  wet  slug  capacitors.  When  recent  and  previous  data  for  the  Military 
Standard  grade  capacitors  are  combined,  the  foil  type  appears  inherently 
more  reliable  than  the  wet  slug  type.  The  Military  Standard  grade  foil 
data  yields  a  failure  rate  of  just  over  4  fits  and  has  been  set  at  5 
fits  while  the  wet  slug  type  is  set  at  100  fits  based  on  6  failures  in 
60.460  million  part-hours.  The  Established  Reliability  grade  wet  foil 
capacitor  is  based  on  data  yielding  a  failure  rate  of  less  than  6.9 
fits  and  rank  ordering.  The  Established  Reliability  wet  slug  failure 
rate  is  set  at  10  fits  based  on  data  yielding  a  failure  rate  of  9.3 
fits.  It  will  be  seen  that  the  data  now  clearly  support  a  distinction 
between  wet  foil  and  wet  slug  in  both  Military  Standard  and  Established 
Reliability  grades. 

The  failure  rate  for  the  Established  Reliability  aluminum 
electrolytic  capacitors  was  set  at  20  fits  based  on  data  yielding  a  failure 
rate  of  less  than  164  fits  and  other  capacitor  experience.  The  Military 
Standard  grade  failure  rate  was  set  at  50  fits. 


The  failure  rate  for  the  Military  Standard  grade  mica  capacitor 
was  set  at  3  fits  based  on  data  yielding  a  failure  rate  less  than  3.4 
fits.  When  the  recent  data  are  combined  with  the  previous  data,  the  fail¬ 
ure  rate  is  still  less  than  4  fits.  The  failure  rate  for  the  Established 
Reliability  grade  has  been  set  at  2  fits  based  on  rank  ordering  even 
though  the  data  yield  a  failure  rate  of  2.8  fits. 

In  setting  a  failure  rate  for  the  Established  Reliability  glass 
capacitor,  all  the  recent  data  were  added  to  the  previous  and  recent  Mil¬ 
itary  Standard  grade  data  for  a  total  of  over  1  billion  part-hours  with 
no  failure;  then  the  failure  rate  was  set  at  0.1  fit.  This  can  be  jus¬ 
tified  as  a  conservative  step  since  the  Military  Standard  quality  is 
regarded  as  less  than  that  of  the  Established  Reliability  grade.  The 
Military  Standard  grade  failure  rate  of  0.2  fit  was  set  by  rank  ordering. 
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The  Military  Standard  grade  metalited  paper  capacitor  failure 
rate  was  left  at  3  fits  where  it  was  set  previously ,  rather  than  show  a 
worse  failure  rate  of  6  fits  as  indicated  by  a  somewhat  limited  amount 
of  data.  The  Established  Reliability  grade  was  set  at  1.5  fits  by  rank 
ordering.  All  other  metalited  dielectric  capacitors  were  set  at  least 
equal  to  the  metalited  paper  dielectric  capacitor  type  by  rank  ordering. 

The  Military  Standard  variable  trimmer  piston  (glass)  capacitor 
failure  rate  was  set  at  10  fits  based  on  data  yielding  a  failure  rate  of 
less  than  11.8  fits.  Other  variable  capacitor  types  in  both  Military  Stand¬ 
ard  and  Established  Reliability  grades  have  failure  rates  set  by  rank  order¬ 
ing. 

Any  other  capacitor  types  in  both  Military  Standard  and  Estab¬ 
lished  Reliability  grades  not  having  substantial  data  have  failure  rates 
based  on  rank  ordering. 

3.6.3  Semiconductors:  Transistors  and  Diodes 

I 

A  catastrophic  dormant  failure  rate  table  (Table  3. 6. 3-1)  has 
been  constructed,  for  semiconductors  of  Military  standard  and  high  relia¬ 
bility  grade. 

3.6. 3.1  Diodes 

The  high  reliability  and  tested  extra  (TX)  category  of  semi¬ 
conductor  data  appears  to  be  adequate  for  constructing  a  failure  rate 
table  because  it  ccimprises  a  larger  quantity  of  data  on  a  larger  variety 
of  semiconductors.  The  Military  Standard  grade  of  semiconductors  has 
been  arranged  in  the'  table  mostly  by  rank  ordering  using  the  small 
amount  of  available  data  where  possible. 

The  high  reliability  and  TX  grade  of  diodes  has  a  failure  rate  set 
at  0.3  based  on  over  7.6  billion  part-hours  and  3  failures  yielding  0.39  fit. 
The  Military  Standard  grade  has  been  allowed  to  stand  at  0.7  fit  based  on 
previous  data  and  satisfied  rank  ordering. 


Catastrophic  Dormant  Failure  Rates  (failures/billion  part-hours) 


TABLE  3. 6. 3-1 
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The  Military  Standard  grade  microdiode  failure  rate  haa  been  left 
standing  at  30  fits  as  before.  The  failure  rate  for  the  high  reliability 
and  TX  grade  was  set  by  rank  ordering. 

Too  little  data  have  been  found  available  for  varactors ,  tunne 1 
diodes,  and  microwave  diodes;  therefore,  failure  rates  have  been  3et  by 
rank  ordering  as  found  in  Table  3. 6. 3-1. 

The  failure  rate  for  the  high  reliability  and  TX  grade  zener  diode 
has  been  set  at  1.0  fit  based  on  the  recent  data  of  898  million  part-hours 
of  high  reliability  and  TX  experience  plus  the  (higher  risk)  Military 
Standard  data  of  607  million  hours,  which  is  a  conservative  step.  The 
Military  Standard  grade  failure  rate  has  been  set  at  1.5  to  satisfy  the 
data  failure  rate  of  less  than  1.65  fits  and  is  also  in  accord  with  rank 
ordering. 


Failure  rates  for  the  encapsulated  four  diode  bridge  rectifiers 
were  set  by  rank  ordering  in  both  Military  Standard  and  high  reliability 
and  TX  grades. 

The  high  reliability  and  TX  grade  silicon  controlled  rectifier 
(SCR)  failure  rate  has  been  set  at  10  fits  in  accordance  with  the  recent 
data  failure  rate  of  luss  than  17.4  fits.  The  Military  Standard  grade 
silicon  controlled  rectifier  failure  rate  has  been  set  at  30  fits  by  rank 
ordering.  The  SCR's  have  been  included  with  diodes  rather  than  transistors 
for  consistency  with  other  government  publications. 

3. 6. 3. 2  Transistors 

The  failure  rate  of  the  NPN  silicon  transistor  in  the  high  reli¬ 
ability  ana  TX  grade  has  been  set  at  1  fit  based  on  over  3  billion  hours 
experience  and  4  failures.  Similarly  the  PN?  failure  rate  has  been  set  at 
1.5  fits  based  on  the  recent  data  failure  rate  of  1.46  fits.  The  Military 
Standard  failure  rate  for  the  NPN  silicon  transistors  has  been  set  at  3  fits 
based  on  the  recent  data  failure  rate  of  less  than  4.4  fits.  Three  tits  is 
also  the  same  rate  established  previously.  The  failure  rate  for  the  PNP 
Military  Standard  grade  low  power  transistor  has  been  set  by  rank  ordering. 


The  high  reliability  and  TX  qrade  of  field  effect  transistor  has 
a  failure  rate  set  at  10  fits  based  on  the  recent  data  rate  of  less  than  14 
fits.  The  Military  Standard  grade  failure  rate  was  set  at  20  fits  based  on 
rank  ordering. 

The  high  reliability  and  TX  grade  of  unimnct.ion  tiansistur  failure 
rate  was  set  at  20  fits  based  or.  rank  ordering,  and  the  Military  Standard 
grade  failure  rate  was  set  at  50  fits  based  on  rank  ordering.  There  is  very 
little  recent  data  available. 

In  summary,  the  same  may  be  said  for  the  transistor  failure  rate 
table  as  has  beer,  said  fer  the  d.ode  table.  Thai  is,  the  lowest  1  asic 
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failure  rates  are  those  best  supported  by  data.  Rank  ordering  has  only 
been  used  where  gaps  in  the  collected  data  have  appeared. 

3.6.4  Low  Population  Parts 

A  catastrophic  dormant  failure  rate  table  (Table  3. 6. 4-1)  has  been 
constructed  for  low  population  parts  of  Military  Standard  and  high  reli¬ 
ability  grade. 


3.6. 4.1  Transformers  and  Other  Inductive  Devices 

To  determine  a  failure  rate  for  RF  chokes  and  coils,  all  the 
l  iou  and  recent  data  were  added  to  yield  414  million  part-hours  with 
zero  failures  and  failure  rate  less  than  2.4  fits.  The  failure  cate  has 
thus  been  se*  at  3  fits  for  high  reliability  and  S  fits  for  the  Military 
Standard  ■-._ue.  This  represents  a  considerable  improvement  over  rates 
set  formerly.  In  addition,  there  are  the  high  reliability  grade  data 
for  RF  transformers  yielding  a  failure  rata  of  less  than  4.8  fits  based 
on  208  million  hours  and  zero  fai-ures.  This  further  confirms  the  set 
failure  rates. 

The  best  data  for  the  audio  transformer  come  from  the  hi^,h 
reliability  source  and  yield  a  failure  rate  of  3.2  fits  based  on  633 
million  part-hours  experience  with  2  failures.  On  this  basis  a  failure 
rate  of  3  fit  nas  been  set  for  the  high  reliability  grade  and  5  fits  for 
the  Military  Standard  grade  by  rank  ordering. 

Power  transformer  data  from  high  reliability  sources  yield  a 
failure  rate  of  less  than  12  fits  based  on  83  million  part-hours  with  no 
observed  failures.  The  Military  Standard  source  data  amount  to  509 
million  part-hours  with  9  failures  and  a  failure  rate  of  17.7  fits  for 
transformers.  The  failure  rates  have  thus  been  set  at  11  fits  for  high 
reliability  and  20  fits  for  Military  Standard  grades  based  on  data  and 
rank  ordering. 

Pulse  transformer  data  from  high  reliability  ces  have  been 

combined  with  previous  dafa  to  yield  42,6  million  part-  with  no  failures 

yielding  a  failure  rate  of  less  than  21.6  fits.  A  failure  rate  of  10 
fits  has  thus  been  set  fob  h^gh  reliabiltiv  grade  and  20  fits  for  the 
Military  Standard  grade. 

Inductor  and  reactor  data  from  high  reliability  sources  total 
280.4  million  rart-hours  with  no  failures  and  failure  late  Dess  than  3.5 
fits.  A  failure  rate  of  2  fits  has  been  set  for  the  high  reliab. lity 
grade  and  3  fits  for  the  Military  Standard  grade.  These  rates  are  compar¬ 
able  with  those  previously  established. 
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Magnetic  memory  core  data  from  high  reliability  sources  amount 
to  24.77  billion  part-hours  experience  with  no  failures  yielding  a  failure 
rate  less  than  0.04  fits.  The  failure  rate  set  for  this  is  0.02  fit  for 
the  high  reliability  grade  and  0.03  for  the  Military  Standard  grade  based 
on  rank  ordering. 


TABLE  3. 6. 4- I 

Catastrophic-  Dormant  Failure  Rates  (X  )  for  Tow  Population  Devices 
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3.6.4. 2  Relays  and  Switches 


High  reliability  relay  data  yield  a  failure  rate  of  17.6 
fits  from  568  million  part-hours  experience  and  10  failures.  Military  Stand¬ 
ard  grade  data  amount  to  472  million  part-hours  with  18  failures  and  failure 
rate  of  38  fits.  Failure  rates  of  15  and  30  fits  respectively  have  been 
set  for  both  grades. 

High  reliability  data  for  stepping  switches  amount  to  5  mil¬ 
lion  part-hours  with  2  failures  and  failure  rate  of  400  fits.  A  failure  rate 
of  200  fits  has  be*  i  set  for  the  high  reliability  grade  and  500  fits  for 
the  Military  Standard  grade,  which  is  better  than  previous  rates.  A 
telephone  type  stepping  switch  is  assumed. 

Total  data  from  recent  and  previous  experience  for  toggle 
switches  amount  to  about  10  million  part-hours  and  no  failures  with  failure 
rate  less  than  100  fits.  Thus  the  Military  Standard  grade  failure  rate 
could  be  left  at  100  fits  and  the  high  reliability  grade  at  50  fits  as 
before.  However,  the  general  class  of  high  reliability  switch  data 
indicates  a  failure  rate  of  less  than  31  fits  with  32  million  part-hours 
exper_ence  and  no  failures.  For  this  latter  reason,  the  failure  rates 
have  been  set  at  30  fits  for  the  high  reliability  grade  and  50  fits  for 
Military  Standard  grade. 

Microswitch  arid  pressure  switch  failure  rates  have  been  set 
at  50  fits  Tor  high  reliability  and  100  fits  for  Military  Standard 
grade  by  rank  ordering.  Too  little  experience  data  were  available  for 
decision  making. 

Thermostat,  thermal  switch,  and  humidity  control  switch 
failure  rates  have  been  set  at  100  fits  for  high  reliability  and  200 
fits  for  Military  Standard  grades  by  rank  ordering,  with  tco  little 
data  available  for  other  bases  for  decision  making.  These  rates  are  - 
somewhat  better  than  those  set  previously. 

The  inertial  switch,  contactor,  and  circuit  breaker  failure 
rates  have  elso  been  left  at  200  fits  for  tHe  Military  Standard  grade 
and  100  fits  for  the  high  reliability  grade  as  before.  Lack  of  avail¬ 
able  data  precludes  any  change  at  this  time. 

3.6.4. 3  Solar  Cells 

A  failure  rate  of  10  fits  has  been  set  for  solar  cells  of 
high  reliability  grade  based  on  748  million  part-hours  data  with  8  failures 
and  failure  rate  of  10.7  fits.  The  failure  rate  for  the  Military 
Standard  grade  has  been  set  at  20  fits  based  or.  rank  ordering. 
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3. 6. 4. 4  Quartz  Crystals 


A  failure  rate  of  30  fits  has  been  set  for  frequency  determin¬ 
ing  quartz  crystals  of  high  reliability  grade  based  on  20  million  part-hours 
experience  with  no  failures  and  failure  rate  of  less  than  50  fits.  The 
Military  Standard  grade  failure  rate  is  set  at  50  fits  by  rank  ordering. 
These  rates  represent  an  improvement  factor  of  about  two  times. 

3 . 6 . 4 . 5  Lamps 

High  reliability  data  for  incandescent  lamps  amount  to  9.5 
million  part-hours  with  1  failure  and  failure  rate  of  105  fits.  The  fail¬ 
ure  rate  has  thus  been  set  at  100  fits  for  this  grade  and  200  fits  for 
Military  Standard  grade. 

High  reliability  data  for  electroluminescent  lamps  amount  to 
27.3  million  part-hours  with  one  failure  and  failure  rate  of  37  fits.  The 
failure  rate  has  so  been  set  at  30  fits  for  high  reliability  and  70  fits 
for  the  Military  Standard  grade. 

3. 6. 4. 6  Primary  Batteries,  Silver  Zinc 

The  high  reliability  data  for  these  batteries  are  too  small  to 
develop  a  failure  rate  with  any  validity.  It  only  indicates  a  failure 
rate  less  than  5000  fits.  A  failure  rate  of  100  fits  for  Military 
Standard  grade  and  50  fits  for  high  reliability  is,  therefore,  set  based 
on  other  information. 

3. 6. 4. 7  Rotating  Devices 

Too  little  data  are  available  to  warrant  any  change  in  fail¬ 
ure  rates  from  those  previously  set  for  motors,  generators,  or  electric 
motor  driven  devices.  The  previous  rates  have  been  retained  for  this 
entire  categoiy.  The  same  holds  true  for  gyros. 


3. 6. 3. 8  Connectors  and  Connections 

Connector  data  from  high  reliability  sources  amount  to  800 
million  part-hours  with  1  failure  and  failure  rate  of  1.25  fits.  The  failure 
rate  has  thus  been  conservatively  set  at  2  fits  for  this  grade  and  3  fits 
for  Military  Standard  grade.  These  rates  include  an  indeterminate  number 
of  pins  per  connector. 

A  large  quantity  of  55.4  billion  pin-hours  has  been  collected 
from  high  reliability  sources  for  connector  pins  with  no  failures  and 
resulting  failure  rate  of  less  than  0.02  fit.  A  failure  rate  of  0.01 
has  thus  been  set  for  high  reliability  grade  pins  and  0.02  fit  for 
Military  Standard  grade.  These  "pins,:  include  socket  (receptacle)  pins 
or  male  pins . 
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Soldered  connections  data  from  high  reliability  sources  in¬ 
clude  34.9  billion  joint-hours  with  no  failures  and  failure  rate  of  less 
than  0.03  fit.  Based  on  this  a  failure  rate  for  high  reliability  has 
been  set  at  0.015  fit  while  0.03  fit  has  been  set  for  the  Military  Stand¬ 
ard  grade. 


3.7  Average  Failure  Rates,  Relationships,  Ratios,  and  Enhancement 

Factors 

3.7.1  Electronic  Systems 

The  system  data  collected  have  been  grouped  and  analyzed  to 
determine  average  dormant  failure  rates  and  factors  and  to  evaluate  the 
reliability  growth  of  electronic  systems. 


3.7. l.l  Average  Dormant  Part  Failure  Rates  for  Various  Systems 


Fifteen  systems  were  used  to  determine  the  average  dormant 
part  failure  rates  for  the  different  part  classes  shown  in  Table 
3.7.1. i-l .  The  systems  are  coded  by  alphabetical  letters  and  ranked 
in  order  of  increasing  failure  rate  within  each  part  class.  In  the 
table,  the  category,  Basic  Electronic  Parts,  consists  of  capacitors, 
resistors,  diodes,  transistors,  and  integrated  circuits.  The  other 
category,  Electronic  and  Electromechanical  Parts,  includes  the  basic 
electronics  plus  such  parts  as  relays,  inductive  devices,  transformers, 
and  switches.  The  average  catastrophic  failure  rate  for  each  part  class 
is  denoted  by  x  in  the  "System"  column. 

As  evidenced  by  Table  3.7.1. 1-1 ,  there  is  a  wide  variation  in 
average  electronic  part  failure  rates  for  the  various  high  reliability 
systems.  This  is  due  to  a  number  of  factors  such  as  the  part  mix  in¬ 
volved;  the  actual  high  reliability  grade  used;  e.g.,  established  relia¬ 
bility  grades  for  passive  devices  may  be  1,  m,  p,  r,  s  or  IC's  may  be 
class  A  or  B;  the  vintage  of  the  design  and  parts  used,  which  varies  by 
several  years;  and  the  failure  reporting  methods  used  by  the  different 
sources.  Therefore,  it  is  not  practical  to  attempt  a  further  breakdown 
of  the  high  reliability  categories. 


3.7. 1.2  Dorirant  Part  Class  Factors 

The  data  contained  in  Table  3.7.1.1-I  may  be  used  to  obtain 
factors  depicting  the  relative  differences  between  the  average  failure 
rates  in  each  part  class.  These  factors  are  shown  in  Table  3. 7. 1.2-1, 
which  has  been  developed  by  normalizing  the  average  part  class  failure 
rates  to  the  basic  electronic,  high  reliability  failure  rat«.— table 
shows  that  the  average  dormant  electronic  failure  rate  for  military 
standard  parts  is  approximat'.ly  4  times  as  high  as  that  for  high  relia¬ 
bility  parts.  The  dormant  failure  rate  for  ultimate  class  parts  appears 
to  be  7  to  10  times  better  than  that  for  high  reliability;  however,  there 
are  not  sufficient  data  in  the  ultimate  class  to  make  good  comparisons. 
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TABLE  3.7. 1.2-1 

Average  System  Factors  For  Dormancy  by  Part  Classes 


Electronics  & 

Part  Class  or 

Basic  Electronics 

Electromechanical 

Quality  Level 

Part  Factor 

Part  Factor 

Commercial 

* 

Military  standard 

3.7 

High  Reliability 

1** 

Ultimate  *** 

<0.14*** 

3.7.  1.3  Reliability  Growth  for  Dormant  Electronic  Systems  Utilizing 
High  Reliability  Parts 


Five  systems  with  similar  functions  and  containing  high  relia¬ 
bility  parts  have  been  used  to  determine  reliability  growth  for  dormant 
systems.  Figures  3. 7. 1.3-1  and  3.7. 1.3-2  show  the  system  catastrophic 
dormancy  failure  rates  versus  the  average  vintage  of  the  design  and  parts 
used  in  the  systems. 

A  curvilinear  regression  analysis  has  been  performed  to  determine 
failure  rate  trends.  The  curves  obtained  as  a  result  of  the  regression 
analyses  are  on  the  respective  Figures  3. 7. 1.3-1  and  3. 7. 1.3-2.  Values 
calculated  the  equations  derived  during  the  regression  analyses  are 
shown  in  Tables  3. 7. 1.3-1  and  3.7.1,3-11.  The  curve  for  Figure  3.7. 1.3-2 
has  the  best  fit  to  the  data  since  its  coefficient  of  determination  is 
94.3%  as  compared  to  84.1%  for  the  curve  for  Figure  3. 7. 1.3-1.  The  closer 
this  coefficient  is  to  100%,  the  better  the  fit;  100%  is  a  perfect  fit. 

Based  upon  the  data  trends  indicated  by  the  two  curves,  there 
has  been  a  steady  improvement  in  catastrophic  dormancy  failure  rates  from 
1964  to  1969.  However,  the  rate  of  improvement  has  leveled  off  somewhat 
after  1967  ar.  appears  to  be  asymptotically  approaching  a  level  failure 
rate  line  at  a  much  slower  rate  after  1969. 

The  question  of  the  cause  of  these  apparent  improvement  trends 
in  high  reliability  parts  arises.  The  answer  is  a  combination  of  stand¬ 
ardizing  to  as  few  types  of  components  as  possible,  of  developing  and 
enforcing  stringent  parts  specifications,  of  captive  (or  dedicated) 
manufacturing  lines  under  strict  process  control,  and  of  much  more 
stringent  screens  and  longer  burn-in  hours.  Paragraph  3. 7. 1.4  discusses 
in  depth  the  effects  of  screening  and  burn-in. 

3.7. 1.4  Screening  and  Burn-In  Enhancement  Factors 

The  question  is  often  asked:  "Why  spend  the  money  to  burn-in 
another  100  hours,  e.g.,  from  168  hours  to  268  hours,  when  you  can 
scarcely  cut  the  dormant  failure  rate  in  half?"  The  answer  is  that 
while  it  is  true  that  the  dormant  failure  rate  is  only  about  halved 
(thus  doubling  the  trouble  free  time  in  dormancy)  it  is  also  true  that 
the  ground  operating  failure  rate  is  cut  by  at  least  four  or  five  times 
(thus  increasing  the  trouble  free  time  of  operation  on  the  ground  by 
the  same  factor  of  four  or  five  times).  Table  3. 7. 1.4-1  shows  this  to  be 
true  because  of  the  change  in  enhancement  factors  for  different  reliability 
grade  parts. 
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System  Catast ropntc  Dormancy  System  Catastrophic  Dormancy 

Failure  Rate  (Fits)  Failure  Rate  (Fits) 


•  Observed 


■  X- 1960 
4.B26-0.606X 

C 

C.D.  -  0.841 


0.00854X 


0.0  I _ 

1964 


Average  Vintage  of  Design  and  Parts 


Figure  3.7. 1.3-1  Reliability  Growth  for  High  Reliability  Electronic 
Parts  in  Dormant  Electronic  Systems 


•  Observed 


—  where:  *  X-196C 


V  =  6.15-1. 12X  *  0. 05X_ 


C.D.  -  0.943 


Figure  3. 7. 1.3-2 


Average  Vintage  of  Design  and  Parts 

Reliability  Growth  for  High  Reliability  Electronic 
and  Electromechanical  Parts  and  Components  in  Dormant 
Electronic  systems 


TABLE  3.7.1. 3-1 


Fitted  Equation:  y  -  4.82fc>  -  0.606x  +  0.00854x“ 

C  C  i 

Coefficient  of  Determination :  84.1%  1 

i 

% 

TABLE  3.7.1.3-11 

Parameters  Calculated  for  keqrossicn  Analysis 
(shown  in  Fiqure  3.7. 1.3-7) 


Mdkm  .i  l.ll.„uU,luiii  :l  i.JJliluMjJkiiUuHF  . . u'limullHliiltoliilJli  ..illLliHiilnii  i1  _j 
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The  data  in  Table  3. 7. 1.4-1  tend  to  display  a  linear  relation¬ 
ship  on  the  log  -  log  plot  shown  on  Figure  3. 7. 1.4-1.  The  usefulness  of 
this  curve  is  readily  apparent  because  it  directly  relates  bum-in  time 
(and  cost)  to  those  dormancy  failure  rates  that  are  realistically  achievable 
for  state-of-the-art  devices  under  current  manufacturing  processes,  con¬ 
trols,  and  tests. 


The  plot  of  Figure  3. 7, 1.4-1  takes  the  asymptotic  form  for 
the  linear  portion,  as 

y  ■  ax  n  (Equation  3. 7. 1.4-1) 

where:  y  »  y  axis  value  (average  part  failure  rate) 

x  »  x  axis  value  (burn-in  hours) 
a  *  coefficient  (to  be  derived  empirically) 
n  “  negative  exponent  (to  be  derived  empirically) . 


For  the  linear  portion  of  Figure  3. 7. 1.4-1  the  general  form. 
Equation  3.7. 1.4-1  becomes: 


1.72  x 


■1.235 


10' 


y 


(Equation  3. 7. 1.4-2) 


TABLE  3.7. 1.4-1 


k^d  Ratios  for  Various  Part  Classes 
(Based  on  Average  Part  Failure  Rates) 


Part  Class  or 

Quality  Level 

Ground 
Operating 
Failure  Rate 
(xlO-9) 

'E 

(Note  1) 

Ratio 

‘S/D 

Failure  Rate 
(XlO-9) 

XD 

Burn-In 

Hours 

Commercial (Estimated) 

500-700 

50-70X 

10-15 

Military  Standard 

166 

35X 

4.7 

Standard  Burn-In 

80 

25X 

3.08 

168 

JANTX 

40 

15X 

2.6 

200 

SPRINT  (High 

Reliabi lity) 

IS 

7.5X 

2.3 

268 

Minuteman  I  (High 
Reliability) 

1.5 

6X 

0.25 

1000 

Also  an  estimate  of  the  failure  rates  that  are  the  "ultimate"  for 
today's  technology  can  be  derived  from  Bell  System  undersea  cable 
repeater  parts  as  follows: 

Transistors 

<S 

3X 

<2.0 

4500 

Diodes 

<1 

3X 

<0.3 

4500 

Resistors  and 
Capacitors 

<0.1 

3X 

<0.03 

4500 

Overall  Electronic 

<0.15 

3X 

<0.06 

4500 
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Parameter  Drift  During  Dormancy 


While  it  is  well  known  that  catastrophic  electronic  part  fail¬ 
ures  occur  in  dormancy,  the  problem  of  parameter  drift  with  age  is  of 
equal  importance.  Yet,  very  little  quantitative  data  exist  in  this  area. 
Available  information  is  summarized  below. 

3.8.1  USAF  Electronic  Equipment  Age  and  Wearout  Evaluation 

In  19f8,  the  U.  S.  Air  Force  conducted  a  study  on  a  total  of 
1074  high  reliability  electronic  parts  which  had  been  in  dormant  opera¬ 
tional  use  for  approximately  5  years.  A  statistical  comparison  of 
critical  part,  parameters  was  made  before  and  after  the  5  years  of  field 
experience  in  a  controlled  environment.  The  total  sample  of  parts,  as 
shown  in  Table  3. 8.1-1,  had  been  subjected  to  high  reliability  burn-in 
and  screening.  The  results  showed  that  parameter  drift  was  occurring 
but  at  a  very  slow  rate.  Conclusions,  based  on  the  assumption  that 
drift  was  linear  with  time,  indicated  that  the  lifetime  of  the  discrete 
parts  being  studied  was  greater  than  10  years.  End  of  life  is  defined 
as  mean  parameter  drift  outside  of  the  specified  tolerance  band.  Thus, 
it  is  possible  for  some  parts  to  drift  outside  of  specification  limits 
while  the  group  mean  will  be  within  tolerance.  To  have  complete  confi¬ 
dence  that  eleccronic  part  parameter  drift  will  not  present  a  problem 
after  10  years  of  dormancy,  the  extrapolated  ±3  sigma  values  should  be 
within  the  tolerance  band. 

3.8.2  Martin  Marietta  Parts  Certification  Program 

In  1971,  Martin  Marietta  completed  the  first  phase  of  parameter 
drift  tests  on  7619  high  reliability  electronic  parts  which  had  been  in 
laboratory  storage  for  an  average  duration  of  3.4  years.  The  total  sample 
sizes  for  the  various  parts  included  in  the  study  are  shown  in  Table  3. 8. 2-1. 
The  samples  were  representative  of  the  various  part  types  commonly  used  by 
the  aerospace  industry. 

Parameter  measurements  were  taken  before,  during,  and  after 
storage.  Trend  lines  were  calculated  using  linear  regression  analysis 
for  both  the  group  means  and  the  ±3  sigma  values.  Observed  drift  of  the 
semiconductors  and  capacitors  was  so  small  that  the  differences  were 
within  the  accuracy  of  the  test  equipment.  Wet  tantalum  and  aluminum 
electrolytic  capacitors  were  not  included  in  the  program.  Positive 
drift  was  noted  with  both  film  and  wirewound  resistors.  However,  these 
devices  were  originally  purchased  with  group  means  below  the  nominal 
value  so  a  linear  extrapolation  of  the  observed  drift  indicates  a  life¬ 
time  of  greater  than  10  years.  The  ±3  sigma  trend  line  for  wirewound 
resistors  passed  outside  the  upper  tolerance  limit  at  approximately  9 


years.  The  small  sample  sizes  for  relays  and  switches  precluded  meaning¬ 
ful  statistical  analysis  of  parameter  drift.  Less  than  1  percent  of  the 
magnetic  devices  under  test  can  be  expected  to  drift  out  of  specification 
limits  after  5  years  storage.  Additional  details  can  be  found  in  Ref¬ 
erence  3. 

3.8.3  HARK  12  Aging  and  Surveillance  Program 

The  U.  S.  Air  Force  is  presently  conducting  a  Mark  12  Aging 
and  Surveillance  Program  in  which  representative  samples  of  electronic 
assemblies  are  periodically  removed  from  storage  and  tested  to  determine 
parameter  drift.  The  collected  data  are  then  analyzed  by  a  computer  pro¬ 
gram  which  results  in  service  life  estimates  for  replaceable  items.  This 
program  is  significant  because  approximately  335  IC's  are  being  subjected 
to  aging.  The  first  data  on  these  microelectronic  devices  is  expected 
to  be  available  late  in  fiscal  year  1974. 


TABLE  3. 8.1-1 

1968  USAF  Parameter  Drift  In  Dormancy  Study 


f 

L) 

High  Reliability 

Total  Parts 

Total  Dormancy 

Part  Category  . 

In  Dormancy 

Part-Hours  Accumulated 

Resistors 

395 

17 , 861 ,o50 

Diodes 

294 

13,309,380 

Transistors 

291 

13,173,570 

Capacitors 

94 

4,255,380 

Total 

1C74 

48,619,980 

TABLE  3.8. 2-1 


Martin  Marietta  Storage  Life  Tests 


High  Reliability 

Part  Category 

Total  Parts 

t 

S 

Total  Part-Hours 
Accumulated 

Magnetics 

775 

11,786,580 

Capacitors 

330 

10,485,720 

Resistors 

4951 

135,869,352 

Semiconductors 

1534 

55,100,620 

Relays  and  Switches 

28 

1,042,440 

Total 

7619 

224,284,712 

3.9  Failure  Modes  and  Mechanisms 

A  list  of  98  failures,  whose  modes  and  mechanisms  have  been 
identified  as  occurring  during  dormancy,  is  contained  in  Table  3.9-1. 

These  failures  occurred  on  parts  which  were  assembled  into  complete  systems 
so  the  environment  is  not  shelf  life  but  rather  storage  in  a  container  or 
operational  use  under  dormant  conditions. 

As  a  marked  contrast  to  the  effect  observed  with  power  on-off 
cycling  (see  Section  4.5),  open  and  short  failure  modes  are  about  equally 
divided  in  the  dormancy  table.  Major  causes  of  shorts  are  capacitor 
dielectric  breakdown  and  wet  electrolyte  leakage  together  with  conductive 
particle  contamination  in  IC's.  Surface  passivation  will  prevent  fail¬ 
ures  attributed  to  conductive  particles.  Although  examples  of  "purple 
plague"  are  no  longer  seen,  other  types  of  intermetal lie  problems  are 
still  observed  as  evidenced  by  integrated  circuit  failures  in  the  open 
mode  from  sources  A  and  D. 

Electrolysis  of  metal  film  resistance  elements  with  entrapped 
humidity  can  create  opens  after  a  period  of  time  in  dormancy.  Use  of 
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TABLE  3.9-1 


Systems  Failure  Occurring  During  Dormancy 


System 

Quantity 

Part  Type 

Failure  Mode 

A,D 

4 

Integrated  Circuit 

Open 

A 

1 

Integrated  Circuit 

Short 

E 

1 

Integrated  Circuit 

Open 

F 

29 

Integrated  Circuit 

Short 

F 

3 

Integrated  Circuit 

Open 

F 

1 

Integrated  Circuit 

Short 

A,B,F 

10 

Transistor 

Open 

B,F, 

3 

Transistor 

Short 

F 

2 

Transistor 

Open 

A 

1 

Capacitor,  Tantalum 

Drift 

C ,  F 

12 

Capacitor,  Ceramic 

Short 

F 

2 

Capacitor,  Tantalum,  Wet 

Short 

A 

2 

Lamp 

Open 

A 

1 

Thermistor 

Drift 

A 

6 

Accelerometer 

Leakage 

F 

9 

Resistor,  Metal  Film 

Open 

F 

4 

Resistor,  Metal  Film 

Open 

C ,  F 

2 

Resistor,  Variable 

Open 

F 

1 

Resistor,  Wirewound 

Open 

C,D,F 

3 

Diode 

Open 

F. 

1 

Filter,  Feedthrough 

Open 

98 

Total 

System  Code 


A  =  Space  Vehicle 
B  =  Interceptor 
C  =  Ground  Support 


D  =  Satellite  (Ground  Test) 

E  =  Surface  To  Air  Missile 
F  =  Surface  To  Surface  Missile 


TABLE  3.9-1 


Systems  Failure  Occurring  During  Dormancy 


Part  Type 

Failure  Mode 

Description 

Integrated  Circuit 

Open 

Lifted  Ball  Bond,  Intermetallic 

Problem 

Integrated  Circuit 

Short 

Corrosion  Over  Metalization 

Integrated  Circuit 

Open 

Bond  Failure,  Cause  Unknown 

Integrated  Circuit 

Short 

Contamination 

Integrated  Circuit 

Open 

Cracked  Die 

Integrated  Circuit 

Short 

Oxide  Defect 

Transistor 

Open 

Bond  Lifted  From  Die 

Transistor 

Short 

Contamination 

Transistor 

Open 

Corrosion 

Capacitor,  Tantalum 

Drift 

Excessive  Electrical  Leakage 

Capacitor,  Ceramic 

Short 

Defective  Dielectric  i 

Capacitor,  Tantalum,  Wet 

Short 

Electrolyte  LeaVage 

Lamp 

Open 

Defective  Termination 

Thermistor 

Drift 

Resistance  Change,  Unknown  Cause 

Accelerometer 

Leakage 

Seal  Failure 

Resistor,  Metal  Film 

Open 

Nichrome  Electrolysis 

Resistor,  Metal  Film 

Open 

Flaking  From  Ceramic  Core 

Resistor,  Variable 

Open 

Defective  Weld 

Resistor,  Wirewound 

Open 

Nicked  Wire  in  Manufacture 

Diode 

Open 

Loose/Broken  Chip 

Filter,  Feedthrough 

Open 

Crack  In  Ceramic  Sleeve 

Total 

round  Test) 
ir  Missile 
urface  Missile 
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thicker  film  elements  will  prevent  this  problem.  Although  not  listed  in 
the  table,  it  is  theoretically  possible  for  electromigration  to  cause 
opens  in  integrated  circuit  aluminum  metalization  when  subjected  to  low 
level  power  in  a  dormant  application.  Extensive  research,  resulting  in 
quantification  of  this  phenomenon,  has  been  performed  by  Dr.  John  Venables 
of  the  Martin  Marietta  Corporate  R  &  D  Laboratories/Research  Institute 
for  Advanced  Studies.  Details  of  Dr.  Venables'  work  are  given  in  Ref¬ 
erence  18.  This  problem  is  being  solved  by  vendor  control  over  grain 
size  and  the  use  of  relatively  thicker  metalization. 
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4.0  POWER  ON-OFF  CYCLING  EFFECTS 


4.1  Introduction 

The  purpose  and  intent  of  the  Power  On-Off  Cycling  program 
has  been  the  collection,  study,  and  analysis  of  electronic  equipment 
reliability  data  to  determine  power  on-off  cycling  effects  on  reliab¬ 
ility  of  military  equipment.  No  testing  of  electronic  items  has  been 
done  to  obtain  data,  but  rather  an  extensive  data  survey  and  collection 
effort  was  undertaken  to  locate  and  obtain  the  necessary  data. 

The  equipment  studied  was  typical  of  those  used  to  perform 
electronic  functions  in  military  ground,  airborne,  missile,  missile 
shipboard,  and  satellite  applications.  Special  emphasis  was  given  to 
the  area  of  microelectronics .  In  addition,  some  data  on  electrical, 
electromechanical,  and  nonelectronic  devices  applicable  to  electronic 
military  systems  were  available  and  have  been  included,  but  no  special 
effort  was  made  for  these  categories. 

4.1.1  Limitations  of  Study 

A  power  on-off  cycle  has  been  defined  as  that  state  during 
which  an  electronic  system  goes  from  the  zero  or  near  zero  (dormant) 
electrical  activation  level  to  its  normal  system  activation  level 
(turn  on)  plus  that  state  during  which  it  returns  to  zero  or  near  zero 
(turn  off) ,  or  vice  versa.  Figure  4. 1.1-1  illustrates  some  idealized 
typical  power  on-off  cycles.  The  normal  system  activation  level,  for 
this  study,  has  been  defined  as  that  electrical  stress/energy  which, 
under  normal  systems  operation,  is  applied  to  each  and  every  part  or 
component  which  may  or  may  not  have  been  derated  for  reliability 
enhancement. 

The  scope  of  this  study  also  has  been 

JL  To  include  failures  occurring  during,  or  as  a  result 
of  normal  turn-on  or  shut  down 

2  To  correlate  failure  incidenge  with  power  on-off  cycling 
rates  and  energized  state 

3  To  correlate  failure  incidence  with  application  (ground, 
airborne,  etc.)  and  with  equipment  type  (radar,  communication , 
etc .) 
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NOTE:  Symbols  are  defined  In  Section  8  herein. 

Figure  4.!.  1*1.  Typical  Power  On-Off  Cycle;  (Idealized) 


<i  To  correlate  failure  incidence  with  other  electronic  equip¬ 
ment  characteristics  (part  types,  part  quality,  thermal 
and  electrical  stress,  cycling  rates,  and  electrical 
transient  suppression) . 

Tms  study  does  not  include  power  cycles  which  have  varying 
levels  of  electrical  power  applied,  nor  does  it  include  on-off  power 
cycles  which  impose  a  lengthy  time  constraint  for  power  turn  on  ot 
turn  off.  Figure  4. 1.1-2  depicts  such  power  on-off  cycles  excluded  trom 
this  study. 


4.1.2  Need  tor  Additional  Data 


The  validation  of  best  estimate  cyclic  failure  rates 
the  cyclic  to  dormancy  failure  rute  ratio  K  is  incomplete, 
pleteness ,  in  general,  is  due  to  the  limited' amounts  cf  data  on 
equipment  which  not  only  have  undergone  dormancy  or  storage  but 
or.-off  cycling  and  for  which  an  observed  failure  can  bo  validly 
CO  the  state  during  which  it  occurred.  Much  data  hud  to  be  dis 
because  cf  the  latter  criterion. 


X,.  and  of 
This  incom- 
simi lar 
also  power 
attributed 

curded 


Additionally  compounding  tire  problem  is  the  fact  that  for  high 
reliability  parts  and  components,  both  a  billion  part-hours,  m  dormancy 
and  u  billion  part-cycles  in  power  on-off  cycling  must  bo  acamuiatmi 
before  the  first  valid  failures  can  be  expected  to  be  observed  for  both 
states.  These  billion  part-hours  and  part-cyclcs  or  data  that  are  needed 
for  each  part  are  greatly  increased  if  guantificat’on  of  environmental 
effects,  cycling  rates,  part  quality,  transient  suppression,  etc.,  is 
desired . 


A  di-sianed  experimental  test  approach  to  obtain  this  data  on 
a  parts  level  is  not  viable  from  bol'<  cost  and  schedule  constraints.  Ihis 
means  that  a  continued  data  rol’ectior.  effort  on  military  eli.eLionic 

systems  is  the  only  alternative.  Consideration  should  be  qivc-r.  to  the 
structuring  of  ar.  existing  military  u.;(  a  system  to  lt.cozpoi  ate  valid  power 
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on-off  cycling  data  collection  and  retention  requirements  on  a  specifically 
designated  system. 

Also,  an  independent,  low-key  effort  to  collect  power  on-off 
cycl'.ng  data,  as  it  becomes  available,  should  be  undertaken.  When  such 
data  are  adequate,  then  appropriate  data  analysis  and  validation  of 
cyclic  failure  rates  and  factors  should  be  accomplished. 


4.2  Previous  and  Current  Work 

The  problem  of  on-off  cycling  effects  on  electronic  equipment 
has  been  under  formal  study  since  1948.  The  original  investigations 
centered  on  the  large  number  of  electron  tube  removals  which  were  related 
to  filament  failures.  In  later  years,  costing  analyses  determined  that 
the  actual  number  of  maintenance  actions  was  higher  for  continuously- 
operated  solid  state  equipment.  This  result  was  contrary  to  the  idea  that 
the  increase  in  reliability  obtained  oy  continuous  operation  of  electronic 
equipment  would  oe  accompanied  by  a  reduction  in  the  number  of  maintenance 
actions,  but  was  not  too  surprising  however,  for  it  was  well  known  that 
operating  failure  rates  were  higher  than  nonoperating.  When  equipment  is 
cycled, on  end  off,  the  proportion  of  off  tine  to  total  calendar  time  is 

- -  normally  much  higher  than  the  on  time  proportion.  Thus,  one  night  suspect 

that  the  total  expected  number  of  failures  during  the  properly  selected 
combination  of  dormancy  and  cyclic  operation  will  be  lower  than  that  of 
continuous  operation. 

More  recently,  on-otf  cycling  studies  have  concentrated  on  the 
fracturing  of  transistor  and  IC  internal  interconnecting  wires. 

Expansion  and  contraction  during  cycling  were  causing  the  aluminum  wires 
to  break  next  to  the  chip  bond.  Another  problem  related  to  cycling  has 
been  power  transistor  chip  cracks  and  failures  of  the  mounting  interface. 

A  summary  of  the  past  and  present  investigations  of  power  on-off  cycling 
problems  is  presented  in  the  following  paragraphs. 


4.2.1  ARINC  Study 

A  circa  1960  study  was  conducted  by  the  Department  ot  the  Navy, 
aboard  the  aircraft  carrier  U.S.S.  Forrestal  on  tube  type  electronic 
equipment.  Four  basic  equipment  classes  were  evaluated:  receivers, 
transmitters,  radar  repeaters,  and  fire  control  systems.  The  individual 
assemblies  in  each  equipment  type  were  divided  between  a  continuous  and 
a  cycled  mode  of  operation  and  the  original  mode  assignment  was  main¬ 
tained  throughout  the  test.  The  study  results  are  reported  in  detail 
by  Reference  4;  however,  the  two  most  significant  conclusions  are  that: 

1.  Equipment  reliability  is  enhanced  by  continuous 
operation 
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2.  The  mode  of  operation  does  not  induce  a  specific  failure 
mechanism.  Cycling  and  continuous  operation  both  contri¬ 
bute  to  the  causes  of  failure,  and  the  respective 
contributions  are  inseparable  except  at  the  level  of 
highly  specialised  laboratory  analysis. 

4.2.2  Planning  Research  Corporation  (PRC)  Study 

PRC,  unde:  the  sponsorship  of  the  Navy  Space  Systems  Activity, 
has  made  a  comprehensive  investigation  of  on-off  cycling  effects  on 
electronic  equipme  ;t  operating  in  space.  The  data  base  encompasses 
approximately  40  percent  of  all  U.s.  spacecraft  launched.  Details  of 
the  study  can  be  found  in  References  5  6,  and  7.  A  typical  example  of 
the  magnitud  of  the  data  was  the  sample  of  51  transmitters  which  had 
beer,  subjected  tc  517  on-off  cycles  on  each  of  27  different  occasions. 

The  study  las  concluded  that  no  general  decision  on  the  impact  of  cycling 
can  be  reached  on  the  basis  of  currently  available  data. 

4.2.2  Apollo  Data 

4. 2. 3.1  General  Discussion 

The  Apollo  data  comprise  three  distinct  sets  of  data  involving 
the  same  kinds  of  electronic  parts  and  assemblies.  These  data  are 
summarized  in  Table  4.2. 3-1.  The  first  column  contains  data  Cor  the 
dormant  mode,  the  second  column  lists  data  tor  the  power  on-off  cycling 
test  mode,  and  the  third  column  lists  dati  for  the  energized  mode.  These 
data  are  moot  useful  for  analysis  and  evaluation  of  the  stresses  produced 
on  electronic  parts  and  assemblies  by  the  power  on-off  cycling  as  com¬ 
pared  with  the  basic  dormant  mode.  Similarly,  a  comparison  may  also  be 
made  of  the  energized  with  the  dormant  mode  data. 

The  difficulty  in  separating  power  on-off  failures  from 
energized  state  failures  must  be  realized  since  all  these  failures  would 
previously  have  been  charged  to  the  energized  state.  In  this  car. c, 
all  tests  were  supervised  by  cognizant  scientists  and  engineers  assigned 
to  the  project.  Similarly,  it  was  determined  what  failures  were  to  be 
attributed  to  the  power  on-off  cycling  mode  as  well  as  what  failures 
were  assigned  tc  the  energized  state  by  MIT  research  scientists  assigned 
to  the  Apollo  program. 

Power  on-off  cycling  data  were  obtained  by  turning  on  the 
equipment  an  average  of  five  times  a  month  and  allowing  it  to  remain 
in  the  energized  state  for  about  three  hours  after  whicn  it  was  ran  nod. 
off  again.  This  cycling  was  accomplished  in  a  room  .ambient  temperature 
about  25°C.  The  energized  or.  time  was  deemed  sufficient  to  allow 
thermal  equilibrium  to  be  reached;  i.e.,  all  pares  of  the  equipment 
reached  the  full  temp-dture  rise  condition. 
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Storage,  Pow<>r  On-Off  Cycling,  and  Energized 
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The  Ajiollo  dormancy  data  amount  to  95.8  billion  part-hours 
experience  with  16  failures  resulting  in  a  failure  rate  of  less  than 
0.2  x  10  When  connector-pins,  connectors,  lamps,  fuses,  and  magnetic 

memory  cores  are  subtracted,  the  dormancy  data  amount  to  15.5  billion 
part-hours  with  14  failures.  The  dormancy  failure  rate  computed  with  the 
latter  cata  equals  0.9  x  10"®  part-hours  or  0.9  fit.  This  dormancy  rate 
appears  to  be  about  2.5  times  better  than  one  would  expect  from  parts 
rated  as  with  240  hours  burn-m.  however,  this  may  oe  accounted  for  by 
the  limited  production  of  equipment  involved  and  the  increased  attention 
given  to  quality  assurance  in  the  form  of  stricter  standardization,  more 
screening  tests,  introduction  of  Flight  Processing  Specifications 
(FPS’s) ,  etc. 


The  power  on-off  cycling  data  amount  to  about  697  millior, 
cycles  with  20  failures  ana  a  failure  rate  of  20.7  per  10®  cycles.  When 
connector-pins,  connectors,  lamps,  fuses,  and  magnetic  memory  cores  are 
subtracted,  the  remaining  cycling  data  amount  to  127  million  part-cycles 
with  19  failures  and  a  failure  rate  of  149-5  per  10®  cy.les. 


4 .2.3.2 


Derivation  of  K  Factors 


From  these  data  it  becomes  possible  to  form  some  idea  of  how 
much  more  stressful  the  power  on-off  cycling  rode  is  when  compared  with 
the  basic  dormant,  rrode.  When  the  total  data  including  connector-pins , 
etv'.,  are  compared,  then  /_^  can  be  established 

-  20  failures  t  (0.697  x  IQ9  part-cycles) 
ifc  failures  *  (95.346  x  10'  part. -hours) 


C/D 


(28.7  x  10  '  failure)  per  cycle 
(0.167  x  10  3  failure!  per  hour 


K  ^  =  l’'"2  hours  of  dormar-cy/eycle. 

when  the  data  exclude  the  conr.ec tci -pins ,  conne  ctors,  lamps,  and 
fuses,  F  becomes 

9 

K„  =  1?  failures  (0.12/  x  10  part-cyclos; 

C  /  D  ■  ■ 


14  failures  (15.55  x  10  part-hours) 


K  -  (149.5  x  10 

C/D  - 


-9 


(0.9  x  10  failure)  per  hour 


K  =  166  hours  of  donnancy/cyclt . 

0,  u 
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And  when  the  inertial  rate  integrating  gyro  (IRTG),  and  pulsed 
integrating  pendulum  accelerometer  (PIPA)  are  excluded,  Kc^/D  becomes: 

K  =  19  failures  *  (0.127  x  IQ9  part-cycles) 

6  failures  •  (15.54  x  10  part-hours) 

-q 

K  ^  =  (149  .5  x  10  failure)  per  cycle 
(0.4  x  10  9  failure)  per  hour 

K  D  374  hours  of  dormancy/cycle. 


Thus,  it  appears  that  a  single  power  on-off  cycle  to  thermal 
equilibrium  and  back  to  room  ambient  temperature  is  between  about  165 
tc  375  (di.  ..ending  upon  system  component  mix)  or  an  average  of  about  270 
tunes  more  stressful  or  effective  in  developing  failures  than  one  hour 
of  dormant  time.  Another  way  of  saying  this  is  that  one  would  expect 
33  power  on-off  cycles  as  described  to  be  equivalent  to  just  over  one 
year  of  dormancy  in  precipitating  failures. 


4.:. 3. 3 


Derivation  of 


ke/d  FaCtorS 


It  also  becomes  possible  to  develop  an  idea  of  how  much  more 
stressful  the  ■  nergized  state  is  when  compared  with  the  basic  dormant 
mode.  When  the  total  data  including  connector-pins ,  etc.,  are  compared, 


9 

K„  *  28  failures  *  (1.602  x  10  part-hours) 

E/D  . . . .  - — - 

16  failures  ?  (95.846  x  10  part  hours) 


K 


E/D 


-9 

(17.5  x  10  failure)  per  hour 

-9 

(0.167  x  .10  failure)  per  hour 


K 


E/D 


102.8  hours  of  dormancy/energized  hour. 


Now,  by  excluding  the  connector-pin,  connector,  lamp,  and  fuse  data, 
ke/d  becomes  : 


K 


E/D 


"E/D 

E/D 


9 

28  failures  i  (0.482  x  10  part-hours) 

9 

14  failures  *  .55  x  10  part-hours 

-9 

(58.1  x  10  .  failure)  per  hour 

-9 

(0.9  x  10  failure)  per  hour 

64.6  hours  of  dormancy/energized  hour. 
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And  finally  excluding  the  IRIG  and  PIPA  data,  can  be  seen  to  decrease 

to: 


„  9  failures  *  (0.482  x  10®  part-hours) 

^E/D  *  9 

6  failures  *  (15.54  x  10  part  hours) 


K^D  -  41.5  hours  of  dormancy/energized  hour. 

So  an  energized  hour  appears  to  be  about  40  to  IOC  times  more 
stressful  or  effective  in  developing  failures  than  a  single  hour  of  dormancy 
depending  upon  the  part  and  component  mix  within  the  system. 

It  should  be  noted  that  this  Kg/o  factor  of  41.5  times  is  about  6 
or  7  times  higher  than  the  ratios  of  6X  and  7.5X  shown  in  Table  3. 7. 1.4-1  for 
High  Reliability  Classes  of  Parts  apparently  similar  to  those  of  APOLLO.  The 
ratio  of  41.5  times  decreases  to  21.5  when  the  4  relay  failures  are  censored 
and  should  therefore  be  regarded  as  properly  indicating  a  trend  based  on  a 
limited  amount  of  uncensored  data  from  one  project  -  APOLLO.  On  the  other 
hand,  the  Kg/g  ratios  of  6X  and  7.5X  shown  in  Table  3. 7. 1.4-1  are  based  on 
much  more  data  from  many  other  projects  and  are  rank  ordered  with  other 
classes  of  parts  as  well.  The  rates  in  Table  3.7. 1.4-1  are  thus  recommended 
for  prediction  work  purposes  since  nearly  800  billion  part-hours  experience 
were  involved  in  their  development  compared  with  about  16  billion  hours  for 
APOLLO. 

4. 2. 3.4  Apollo  Failure  History 

The  reliability  history  of  the  Apollo  Guidance  Computer,  Reference 
6,  states:  "In  general,  many  of  the  faults  were  the  result  of  electrical 
transients  of  many  types.  Power-line  transients  and  transient  behavior  of 
subsystems  during  power  up  and  power  down  were  the  most  common."  These  tran¬ 
sients  did  not  apparently  result  in  the  failures  counted  above  since  "A  series 
of  design  changes,  related  to  shielding  and  grounding,  eliminated  electrical 
interference  problems..." 

4. 2. 3. 4.1  Transformers 

The  type  of  failures  induced  by  the  power  on-off  cycling  can  be  well 
illustrated  by  reviewing  the  nine  failures  that  occurred  on  transformers: 

Failure  Rep.  No. 

023573-1  Lead  magnet  wire  fractured  where  it 

exits  the  solder  connection. 

021618-1  Internal  lead  wire  breakage  because  of 

poor  bonding  of  epoxy  due  to  flux  con¬ 
tamination. 

021612-1  Secondary  magnet  wire  (to  terminal  4) 

was  fractured  just  below  point  of 
egress  from  eoil-a  tension  break. 

018933- 1  Intermittent  open  in  primary,  cause 

unknown . 
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017352-1 

Internal  broken  lead  at  terminal  7. 

017291-1 

Open  primary  caused  by  nick  in  the 
second  stress  relief  loop. 

017222-1 

Open  secondary  (no  added  description) . 

014859-1 

Magnet  wire  open  near  solder  connection 
to  green  terminal . 

-6201-1 

O^en  in  fine  wire  transformers  -  a 
generic  problem  when  exposed  to 
thermal  cycling. 

There  are  several  notes  to  be  taken  from  the  transformer  experience: 

2  All  the  failures  were  opens,  breaks,  or  fractures.  Open 
windings  in  'fine  wire  transformers  are  a  generic  problem  during  the 
manufacturing  cycle  wherT* exposed  to  thermal  cycling.  No  shorts  were 
reported. 

2  No  fewer  than  three  vendors  were  involved  in  supplying 
these  transformers.  All  suffered  some  failures,  so  the  problem  cannot 
be  placed  on  one  manufacturer.  Rather,  each  transformer  manufacturer 
must  take  special  precautions  in  providing  stress  relief  loops, 
preventing  wire  nicks,  assuming  good  soldering  to  terminals,  etc. 

2  Assuming  that  thermal  cycling  is  ordinarily  used  as  a 
screen  to  precipitate  these  kinds  of  failures  in  manufacturing  it  is 
possible  that  pow«jr  on-off  cycling  actually  represents  a  more  rigorous 
form  of  thermal  cycling.  It  is  possible  that  the  power  on-off  cycling 
induces  local  hot  spot  heating  at  potential  conductivity  faults 
resulting  in  wire  and  connection  "working"  due  to  expansion  and 
contraction. 

The  next  largest  group  of  failures  developed  by  the  power 
on-off  cycling  mode  is  found  in  switches. 

4. 2. 3. 4. 2  Switches 

The  failures  reported  for  switches  are  listed: 

Failure  Report  No. 

020420-1  Appears  to  be  a  defective  contact  oi 

poor  solder  connection . 

020321-1  Defective  solder  joint. 
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017249-1  Confirmed  broken  braid  or  open  where 

tab  connects  to  chip  on  shaft 
assembly  of  switch. 

014857-1  Defective  shaft  assembly  within 

push-button  switch. 

i 

Observations  from  these  data  are: 

1^  The  pattern  of  opens  or  intermittent  opens  appears  to  be 
continued  by  the  power  on-off  cycling  mode.  This  is  sustained  by  the 
balance  of  failures  reported  on  other  parts  as  well. 

The  power  on-off  cycling  mode  appears  to  be  a  good  screen 
for  developing  poor  solder  connection  faults.  Poor  welds  are  also 
detected.  Potential  poor  conductivity  faults  appear  to  be  screened  by 
power  on-off  cycling. 

4.2. 3.4.3  Capacitors 

021621-1  Open  due  to  poor  internal  weld 

within  solid  tantalum  capacitor. 

017221-1  Oger*  due  to  poor  internal  lead 

solder  connection. 

Observations : 

_1  The  pattern  of  opens  is  continued. 

2_  Poor  weld  and  solder  connections  are  detected  by  power 
on-off  cycling.  The  same  will  be  found  true  for  poor  bonds  and  metal¬ 
lization  faults  in  semiconductors. 

4.2. 3.4.4  Transistors 

017183-1  Open  base  circuit  due  to  metallization 

fault  within  transistor. 

015615-1  Open  collector  lead  due  to  poor 

chip  bonding. 

Ob  s  erva  t ions  * 

1_  The  pattern  of  opens  is  continued. 

2  Poor  connections  including  bonding  and  poor  conductive 
paths;  i.e.,  metallization  faults  are  detected  by  the  power  on-off 
cycling  mode,  which  produce  potential  conductivity  problems. 


4. 2. 3. 4. 5  Light,  Pilot 


019080-1  Open  electrical  connection  or 

defective  lamp. 

4. 2. 3. 4. 6  Motor,  Tachometer,  Generator 

014520-1  Poor  solder  connection  of  brown  lead 

to  inner  stator  magnet  wire. 

4. 2. 3. 4. 7  Thermistor 

010469-1  Thermistor  wafer  fractured, 

probably  because  of  unequal  stresses 
due  to  a  potting  void. 

4. 2. 3. 5  Conclusions  from  Apollo  Experience 

1  It  appears  that  a  single  power  on-off  cycle  to  thermal 
equilibrium  for  about  three  hours  and  back  to  room  ambient  temperature 
at  about  25°C  is  between  165  to  375  or  an  average  of  about  270  times 
more  stressful  or  effective  in  detecting  failures  than  one  hour  of  dormant 
time.  Another  way  of  saying  this  would  be  that  we  would  expect  33  power 
on-off  cycles  as  described  to  be  equivalent  to  just  over  one  year  of  dormant 
time  in  precipitating  failures.  It  also  appears  an  energized  hour  is  about 
40  to  100  times  more  stressful  or  effective  in  detecting  failures  than  one 
hour  of  dormant  time.  An  average  KE//D  for  Apollo  of  50  has  been  selected 
based  on  average  electronic  device  experience  of  40  to  60  hours  excluding 
connectors,  etc. 

a.  The  data  were  developed  over  a  period  of  about  three 
years  during  which  power  on-off  cycling  was  applied  an 
average  of  five  times  a  month. 

b.  Power  on-off  cycling  as  described  appears  to  be  about 
five  times  more  stressful  or  effective  in  developing  failures 
than  the  energized  steady  state.  (Refer  to  paragraphs  4. 2. 3. 2 
and  4. 2.3. 3  herein). 

2_  The  total  failures  of  a  system  similar  to  Apollo  and  its 
service  life  constraints  may  now  be  computed: 


F  =  (A 

t_  )  +  ( A  c )  +  ( A  t  ) 

SL  D 

D  C 

L  E 

F  =  (A 

t  )+(270 

A  C) + ( 50  A  ) 

SL  D 

D 

D  D 

<SL  *  ‘S 

+  21 0C  + 

50  V  XD 

(Equatio.  4. 2. 3. 5-1) 

when  t  -*■ 

o. 
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then  Equation  4. 2. 3. 5-1  reduces  to: 


FSL  “  (tD  H  270C)  Xd  (Equation  4. 2. 3. 5-2) 

3^  The  power  on-off  cycling  state  as  described  herein  appears 
to  be  particularly  effective  in  precipitating  failures  caused  by 
potential  conductivity  faults.  This  is  well  illustrated: 

a.  No  fewer  than  three  vendors  were  involved  in  transformer 
fault  history  of  opens,  breaks,  fractures  or  bad  solder 
joints  where  the  largest  number  of  failures  was  found.  All 
manufacturers  need  to  be  careful  with  stress  relief  loops, 
wire  nicks,  good  solder  joints  at  terminals,  etc.  Open 
windings  in  fine  wire  transformers  is  a  generic  problem 
during  the  manufacturing  cycle  when  exposed  to  thermal 
cycling.  However,  power  on-off  cycling  may  be  more 
rigorous  in  that  it  induces  hot  spot  heating  at  faults 
resulting  in  wire  and  connection  "working"  due  to  expansion 
and  contraction  especially  at  potential  poor  conductivity 
fault  points. 

b.  The  tendency  to  precipitate  potential  poor  ^ity 

fault  points  was  also  noted  in  switches  with  poo:  ...aer 

joints,  in  capacitors  with  bad  internal  welds  and  solder 
joints,  in  transistors  with  poor  bonds  and  bad  metallization, 
and  in  a  tachometer-generator  with  a  poor  solder  connection. 

This  effect  of  power  on-off  cycling  is  of  special  interest 
because  there  is  no  present  method  known  which  facilitates  checking  fcr 
poor  solder  or  weld  joints  or  other  potential  conductivity  faults  in 
a  system  other  than  continuous  monitoring  during  vibra*4,pn  testing, 
which  is  both  difficult  and  expensive. 

V 

4.2.4  SPRINT  Data  ^ 

The  data  accumulated  on  SPRINT  missile  GRA-8  and  its  \  f 

Launch  Prep  Equipment  (LPE)  are  amenable  to  establishing  power  on-off 
cycling  factors.  Over  a  continuous  472  day  period,  detail  test  records 
were  kept  during  horizontal  marriage  tests,  Electro  Magnetic  Interference 
Tests,  and  other  system  laboratory  tests.  Table  4. 2. 4-1  summarizes 
these  data  for  the  dormancy,  power  on-off  cycling,  and  fully  energized  states. 
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TABLE  4. 2. 4-1 


SPRINT  GRA-8  Missile  and  LPE  Data  -  Dormancy 
Power  On-Off  Cycling,  and  Energized 


GRA-8 

Dormancy 

ggjgjgj 

Energized 

Part-Hours 

xlO9 

fd 

N 

Fc 

— 

tE 

Part- Hours 

9 

xlO 

fe 

Missile 

Electronics 

0.128879 

0 

4,391 

1 

0.0005 

■ 

LPE 

Electronics 

0.074889 

0 

8,970 

B 

0.0004 

0 

Totals 

0.203768 

0 

0 . 0009 

0 

(1)  Quantities  of  cycles  are  not  additive  because  GRA-8 

Missile  and  LPE  on-of '  cycles  are  not  mutually  exclusive, 
so  a  weighted  value  nr  ~t  be  determined  as  follows: 

(MtH4-”1)  m  2768  +  331  -6-°92 

Using  the  data  of  Table  4. 2. 4-1,  the  value  K^/p  may  be  calcu¬ 
lated  using  Equation  1.1. 2-9  providing  rg  +  rD  >_  0.99.  Checking 
for  rs  +  rD  0.99,  it  is  found  thac: 


"S  +  rD 


1  -  r 


r  +  r_  *  1  - 
S  D 


0.0009  x  10' 


0.203758  x  109  +  0.0009  x  109 


+  rD  ■  0.9956;  hence, 

Equation  1,1. 2-9  is  applicable  and  yields  the  following  value  for 
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/ 


»SL  *  11  *  Vl>  V  XD 


0  +  0  +  0 
0.204668  x  XO9 


4.886** 


1C  /  < 

C/D 


■  (l  *  0.537  ltc/D)  (  2.300] 

2.1 


*  Demonstrated  XQ  for  SPRINT  electronics. 

**  Assumes  1  failure  for  X  computational  purposes. 

Oil 


The  derived  K  value  of  less  than  2.1  for  SPRINT  electronics 
leads  to  interesting  conjecture  on  why  such  a  difference  between  this  and 
the  *<;/£)  value  of  172  observed  for  Apollo  (Reference  Paragraph  4. 2. 3. 2 
herein) .  This  difference  can  be  examined  by  constructing  a  matrix  of 
all  those  factors  affecting  power  on-off  cycling  for  both  systems  and 
examining  for  significant  differences.  Table  4.2.4-II  is  this  comparison 
matrix  and  shows  two  significant  differences- 

4.2.5  Other  Studies 

Between  1970  and  1972,  the  U.S.  Air  Force  conducted  an 
investigation  to  determine  if  maintenance  costs  could  be  decreased  by 
reducing  needless  ground  operation  of  aircraft  electronic  equipment. 

The  results  of  this  study  are  detailed  in  References  9  and  10.  A 
reduction  in  ground  operating  time  was  found  to  cause  a  decrease  in 
failures.  Therefore,  it  was  concluded  that  it  might  be  possible  to 
effect  maintenance  savings  of  13  percent  to  17  percent  with  the  use  of 
a  Ground  Automatic  Disconnect  System  (GADS) .  Collected  data  from 
aircraft  with  and  without  GADS  was  inconclusive  as  to  the  impact  of 
cycling  on  the  equipment. 

A  NASA  ALERT  (Reference  11) ,  identified  a  transistor  failure 
mode  that  was  directly  related  to  power  on-off  cycling.  Part  failures 
were  caused  by  the  thermal  compression  bonding  process  as  used  on  the 
1  mil  diameter  aluminum  lead  wires  interconnecting  the  2N2222A 
transistor  chip  and  header.  The  small  wires  were  fracturing  next  to 
the  thermal  compression  bond  on  the  chip.  The  bonding  process  reduced 
the  wire  diameter  at  the  bond  which  became  the  weak  point  in  the  wire 
when  it  was  subjected  to  expansion  and  contraction  during  power  cycling. 
Subsequent  tests  have  demonstrated  that  this  failure  mode  is  not  so 
likely  to  occur  when  wires  are  ultrasonic<*lly  bonded  to  chips.  Use 
of  gold  wire  or  greater  than  0.003  diameter  aluminum  wire  also  alleviates 
the  problem. 


4-15 


TABLE  4.2.4-II 


Power  On-Off  Cycling  Comparison  Matrix  Apollo  and  SPRINT  Electron! 


CYCLING 

FACTORS 

APOLLO 

V 

SPRINT 

1.  Part  Types  and  Mix 

Type  -> 

Type  -% 

Resistor*  -  37 

Capacitors  '  -  8 

Diodes  >23 

Transistors'  -  9 

iC'e  -  20 

Other  -  3 

Resistors  -  54 

Capacitors  -  17 

Diodes  -  11 

Transistors  -  12 

IC's  -  3 

Other  -  3 

2*  Part  Cla3s  or  Quality  (C^) 

» 

1 

1C8  to  240 /  hour  burn-in 
+  standardization 

♦  limited/  production 

4-  extra  pcreens 

♦  process  specs 

240  hour  burn-in 
a  standardization  > 

4-  controlled  lines 
+  extra  screens 

4  process  specs 

3.  Cyclic  Rate  (C  ) 

Nc 

■  0,007  cycles/hour 

■  0.537  cycles/hour 

4.  Temperature  (CT) 

•.Initial  Ambient 
b -Temperature  Stabilization 

c.  Thermal  Lag 

d.  Derating 

•.Applied  power 

20  -  25*C 

3  hours  power  on 

Temperature  stabilized 
and  reaches  peak  effect 

Hot  Applicable 

Resistors  50% 

Capacitors 

Tantalum  25% 

Ceramic  60% 

Dio  ss  50  -  75% 

Transistors  50  -  75% 

IC's  -  1SV  devices  used  at  SV 
Unknown 

20  -  25*C 

10  seconds  power  on 
Temperature  not  stabilize 
nor  reaches  peak  effecl 
Not  Applicable 

Resistors  30  -  4< 

Capacitors  50% 

Diodes  40  -  7< 

Transistors  40-61 

IC's  -'  Below  voltage 
Unknown 

5.  Transient  Suppression  (CTS) 

Farts  Oersteds 50% 

Designed  In,  Details  Not  Avail. 

Parts  Derated  ~50% 
Designed  in.  Details  Not 

6.  Environment  (C^,) 

Laboratory 

Laboratory 
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TABUS  4.2,4-11 


Cycling  Comparison  Matrix  Apollo  and  SPRINT  Electronics 


SIGNIFICANT 

DIFFERENCE 


Yes  No  Unknown 


MO  hour  burn-in 
dilation 
id  production 

eereans 


cycles/hoar 


rated  »  50% 

In,  Details  Not  Avail. 


240  hour  burn-in 

♦  standardization 

♦  controlled  lines 
4  extra  screens 

ess  specs 


■  0.537  cycles /hour 


20  -  25*C 

10  seconds  power  on 
Temperature  not  stabilized 
nor  reaches  peak  effect 
Not  Applicable 
Resistors  30  -  40% 

Capacitors  50% 


Diodes  40  -  70% 

Transistors  40  -  60% 

IC's  -  Below  voltage 
Unknown 


Parts  Derated  -50% 

Designed  In,  Details  Not  Avail. 


Laboratory 


Comprehensive  on-off  cycling  testa  have  been  performed  by  RCA 
on  a  large  sample  of  2N3055  power  transistors.  The  results  of  this 
program  ere  described  in  Reference  12.  Two  separate  failure  modes 
were  observed  that  were  precipitated  by  cycling.  Below  10*  cycles, 
cracked  pellets  were  observed  but  this  problem  was  attributed  to  process 
variations  which  were  subsequently  brought  under  control.  Between  104 
and  105  cycles,  a  wearout  type  mechanism  resulting  in  pellet  lifting 
was  noticed.  The  interface  consisted  of  nickel/tin  materials  which 
were  expanding  and  contracting  at  different  rates  during  the  cycling. 

appreciable  amount  of  shearing  was  taking  place  which  caused  fatigue 
failures  at  the  contact  point.  This  problem  was  not  considered  critical 
because  the  failures  were  occurring  well  beyond  the  normal  use  of  the 
device. 


Unpublished  studies  by  ibM  have  determined  that  equipment 
operated  a  large  percentage  of  its  service  life  is  expected  to 
exhibit  a  greater  number  of  failures  than  the  same  equipment  operated 
a  small  percentage  of  its  service  life.  A  problem  arises  when  the  using 
services  count  all  observed  failures  against  operating  time  only.  This 
results  in  a  misleading  operating  failure  rate,  because  it  shows  more 
failures  per  operating  hour.  This  situation  has  an  important  impact  on 
cost  of  maintenance.  In  general,  continuously  operated  systems  have  a 
higher  incidence  of  failure  which  results  in  a  higher  overall  cost  than 
a  properly  selected  dormant  system.  This  is  because  of  increased  organiza¬ 
tional  and  maintenance  costs.  IBM  has  observed  very  few  turn-on  failures 
with  their  military  computer  equipment,  which  employs  voltage  sensing. 

Logic  turn-on  is  delayed  until  power  has  stabilized,  and  transient  suppres¬ 
sion  circuitry  is  also  utilized. 

4.3  Factors  and  Models 

4.3.1  Cyclic  Failure  Rate  (X  )  and  Models 

There  are  several  factors  which  contribute  to  or  influence 
field  cyclic  failure  rates  (Kq)  of  electronic  systems.  Based  upon 
observations  of  power  on-off  cycling  data  from  four  major  electronic 
systems,  these  contributors  are  not  always  independent  of  one  another. 
Rather  than  depending  upon  system  design  and  duty  cycle  characterist: cs , 
a  contributor  can  be  seen  in  one  system  to  influence  another  contributor, 
but  in  another  electronic  system  with  a  short  on-time,  this  influence 
is  not  exhibited.  This  means  great  caution  and  care  must  be  exercised 
in  construction  of  any  power  on-off  cycling  mathematical  model. 

The  approaches  taken  by  Martin  Marietta  must  be  viewed  as  a 
first  step.  Initial  definitions  of  terms,  grouping  of  factors, 
construction  of  the  initial  model,  and  partial  quantification  of  the 
factors  have  been  accomplished.  These  must  be  considered  as  the 
starting  point  from  which  additional  improvement  can  be  made  as  more 
and  better  field  power  on-off  cycling  data  become  available. 
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4.3. 1.1  General  Part,  Component,  or  System  Model  for  X 

In  this  initial  modeling  attempt,  the  contributing  factors 
of  Xq  have  been  reviewed.  The  dependent  ones  were  determined  and 
grouped  into  a  single  Cx  factor. 

As  a  result,  only  the  basic  cyclic  failure  rate  and  five 
modifying  factors  remain.  The  initial  \q  model,  its  terms,  and 
derivation  are: 

n-5 

X_  -  X  n,  C  (Equation  4. 3. 1-1) 

C  CB  j. 

or  “  XCB  CC  CNC  CT  CTS  CE  (Equation  4. 3.1-2) 

where  Xc  ■  field  cyclic  failure  rate  of  part,  component  or  system 

XCB  ■  base  cyclic  failure  rate  as  related  to  initial 
temperature  state 

C  ■  part  quality  (grade  or  class)  factor;  this  factor  is  a 

®  function  of  the  manufacturing  process  and  subsequent 

controls  imposed  such  as  Group  A  and  B  electrical  tests, 
special  screens,  or  burn-in  on  individual  parts  and 
components . 

CN  «  cycling  rate  factor;  this  factor  is  a  function  of  the 
C  expected  cycling  rate  (normally  expressed  as  cycles  per 
hour) ;  the  cycling  rate  can  be  estimated  for  a  given 
system  as : 


that  is,  the  total  number  of  actual  or  anticipated  power 
on-off  cycles  that  will  occur  on  that  item  during  its 
entire  service  life  expressed  in  hours.  This  factor 
represents  all  non-temperature  related  effects  such  as 
mechanical  shock,  wear,  vibration,  material  fatigue, 
creep,  or  other  cyclic  induced  stresses. 
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■  temperature  effect  factor,-  this  is  a  complex  factor 
comprised  of  several  sub-factors  which  are  dependent: 

3_  Initial  temperature  state 

2  Applied  electrical  enerqy  versus  part  derating 
with  resultant  thermal  stresses 


3^  Thermal  lags  at  turn-on  and  at  turn-off 

4_  Temperature  stabilization  state  (time  to  and  time 
at) 


5  Residual  temperature  effects  (a  function  of  time  between 
cycles) . 

Refer  to  Figure  4. 3. 1-1  and  related  discussion  for  a 
more  detailed  explanation. 


transient  suppression  factor;  this  factor  is  a  function 
of  the  degree  to  which  transient  suppression  circuitry 
and  design  have  been  provided  to  eliminate  or  reduce 
damaging  voltage  or  current  transients  at  power  turn-on 
or  tuin-off.  These  transients  may  either  be  line 
conducted  or  induced  by  internal  or  external  sources. 


Cp  =  environmental  mode  factor;  this  factor  is  an  adjustment 
factor  for  the  various  environments  in  which  power  on- 
off  cycling  occurs, 


The  subfactcis  of  CT  are  sometimes  dependent  and  sometimes 
independent  of  one  another.  This  can  be  better  understoed  by  studying 
Figure  4. 3. 1-1.  This  figure  shows  the  initial  temperature  state  (Tj)  as 
room  ambient  in  the  power-off  condition.  When  the  power  is  turneu  on, 
the  internal  temperature  rises  at  a  rate  dependent  on  applied  power, 
part  derating  and  packaging,  etc.  The  temperature  rises  until  it 
reaches  a  stabilized  temperature  (Ts)  at  time  providing  that 

tm.  >  tE.  When  power  is  turned  off,  the  internal  temperature  decreases 
at  aerate  dependent  on  neat  dissipation  paths.  The  temperature  decreases 
until  it  again  reaches  room  ambient  at  time  tmi  providing  t!T,9  <_  tD- 
The  terms  tm^  and  tm2  are  thermal  lag  times  and  their  values  are 
contingent  upon  energy  levels,  part  derating,  equipment  configuration 
(density,  heat  sinks,  construction,  etc.),  and  ancillary  cooling.  The 
interdependency  of  the  factor  contributors  can  now  be  readily 
seen. 
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Stabilized 
Temperature  (T,,) 


Power  Off  and  Initial 
Tempera ture (Tt) 


NOTES : 

...  ...ill Energy  Profile  for  Power  On-Off  Cycle 

—  —^Temperature  Profile  for  Power  On-Off  Cycle 

£  =  Energy  Change  (Power  Off  to  Poter  On  or  Vice  Versa) 

*  T  -T  =  Maximum  Temperature  Change 

If  t  >  t_  ,  then  full  A_  is  not  realised  and  this  reduces 
m ;  -  ■  F,  T 

temperature  effect. 

If  t  >  t„  ,  then  residual  temperature  effects  increase 
m;  -  D 

temperature  effect. 

Figure  4. 3. 1-1  General  Diagram  of  Contributors  to  the  Temperature 
Effect  Factor  C_  During  Power  On-Off  Cycling 


4.3. 1.2  General  Electronic  Part,  Component,  or  System  Model  for 
Power  On-Power  Off  Reliability  Prediction 

The  probability  of  success,  or  reliability,  of  a  part, 
component,  or  system  can  be  expressed  by  the  exponential  relationship: 


P 


SC 


(Equation  4. 3. 1.2-1) 


Substituting  in  equation  1.1. 2-3  (where  Xq  is  constant  with  cycles) , 
Equation  4. 3. 1,2-1  becomes: 

(Equation  4. 3. 1.2-2) 

4.3. 1.3  General  Electronic  Part,  Component,  or  System  Model  for 
Service  Life  Prediction 

Based  upon  the  earlier  discussion  contained  in  Section  1.1.1, 
Interrelationship,  a  service  life  model  can  be  expressed  in  terms  of 
the  exponential  relationship: 


SL 


=  R 


-F 


SL 


SL 


(Equation  4. 3. 1.3-1) 


The  negative  FSL  term  of  Equation  4. 3. 1.3-1  can  be  represented 
by  several  expanded  expressions  which  account  for  service  life. 

Equations  1.1. 2-4,  1.1. 2-5,  1.1. 2-7,  cr  1.1. 2-9  are  just  a  few.  A 
detailed  discussion  and  examples  of  the  expansion  of  an  FSL  term 
based  on  typical  service  life  cycles  are  given  in  Section  5.0. 


4.3.2  Preliminary  Quantification  of  Ac  Factors 

The  data  contained  in  Section  4.4  has  been  used  to  derive 
preliminary  quality  improvement  factors,  Cq  values  for  the  power  on-off 
cycling  environment.  These  values  are  shown  in  Table  4. 3.2-1  and 
relate  to  the  amount  cf  improvement  which  can  be  expected  in  going 
from  Military  Standard  to  high  reliability  qualify  levels. 


For  example,  the  cycling  failure  rate  of  a  high  reliability 
type  integrated  circuit  is  expected  to  be  1/14,800  that  of  a  comparable 
military  standard  device.  The  overall  factor  for  electronic  parts 
appears  to  be  about  1/3,300.  In  studying  the  table,  it  can  be  observed 
that  screening  and  burn-in  on  integrated  circuits  and  transistors  are 
much  mere  effective  in  removing  parts  with  inherent  weakness  to 
cycling  effects  than  is  the  case  with  resistors,  diodes  and  magnetics. 
Temperature  cycling  is  well  known  to  be  a  beneficial  screen  for  micro¬ 
electronics  and  transistors.  The  reason  for  this  efficiency  can  be 
related  to  the  thermal  environment  which  is  a  major  contributor  to 
power  on-off  cycling  failures. 


A  high  reliability  system  which  uses  a  large  percentage  of  inte¬ 
grated  circuits  as  opposed  to  discrete  transistors  would  have  a  higher  reli 
ability  because  integrated  circuits  can  withstand  cycling  effects  about  20 
to  1  better  than  transistors. 


TABLE  4. 3. 2-1 

Estimated  Values  of  for  Various  Part  Types 


Part  Type 

°Q 

Military  Standard  to  High  Reliability* 

Integrated  Circuits 

14,800  to  1 

Transistors 

4,200  to  1 

Capacitors 

1,500  to  1 

Resistors 

700  to  1 

! 

Diodes 

500  to  1 

Inductive  Devices 

100  to  1 

Average  (total  experience) 

3,300  to  1 

♦Normalized  to  high  reliability  value  for  same  part  type. 

fne  temperature  effect  factor  CT  exerts  a  major  influence  over 
the  model  because  approximately  90  percent  of  power  on-off  cycling 
induced  failure  inodes  appear  to  be  related  to  temperature  change  and 
resulting  expansion  and  contraction  which  ere,  tes  malfunctions  in 
inherently  weak  electronic  parts.  As  has  beet.  seer,  in  Section  4.2.4, 
this  factor  can  range  from  1  to  greater  than  200.  Further  quantifica¬ 
tion  of  CT  should  be  obtained  by  properly  designed  experiments  in 
which  certain  critical  influence  factors  would  be  varied  while  others 
would  be  held  constant. 

Short  duration  power  on-off  transients  in  the  order  of  nano¬ 
seconds  are  a  well  known  problem  with  inductive  and  many  other  types  of 
electronic  circuitry.  Since  these  transients  are  typically  less  than 
twice  the  normal  steady  state  operating  parameters,  derating  of 
electronic  parts  by  50  percent  or  more  can  usually  be  expected  to 
effectively  combat  the  transient  problem.  If  larger  transients  are 
observed,  special  transient  suppression  circuitry  can  be  employed. 
Systems  evaluated  by  this  study  which  had  been  severely  derated,  i.e., 
operating  at  about  10  percent  of  the  part  specification  ratings,  do  not 
exhibit  failures  whrch  can  oe  attributed  to  transients.  Thus,  it 
appears  that  there  are  very  few  damaging  transients  at  levels  an  order 
of  magnitude  greater  than  normal  operation.  The  effects  of  transients 
and  their  interrelationship  with  power  on-off  cycling  as  well  as  part 
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derating  are  thus  included  in  the  model.  The  actual  quantification  of 
the  transient  suppression  factor  CTg  as  well  as  the  base  cyclic  failure 
rate  XCB  is  not  possible  from  currently  available  data.  Quantification 
of  Cts  and  ^CB  requites  comprehensive  statistically  controlled 
laboratory  experimentation. 

The  final  factor  for  Xc  is  C£.  Almost  all  the  usable  data 
collected  and  analyzed  came  from  laboratory  conditions.  This  fact 
precluded  determining  CB  values  from  the  power  on-off  cycling  data; 
instead,  c£  values  have  been  derived  from  energized  experience  and 
assumed  to  be  applicable  to  power  on-off  cycling.  Table  4.3.2-11 
presents  the  C_  values  for  various  environments. 

E  \ 

TABLE  4 . 3 .2-11 

Estimated  Values  of  C  for  Various  Environments 

b 

(These  modifiers  apply  only  to  the  cyclic  part  failure  rate.  If 
an  overall  part  failure’  rate  including  dormancy  and  operating 
is  to  be  determined,  then  caution  must  be  exercised  not  to 
double  count  environmental  effects) . 


Environment 

CE. 

Satellite 

0.1 

Laboratory 

1.0 

Ground,  Fixed 

5.0 

Ground,  Mobile 

7.5 

Aircraft ,  Manned 

6.5 

Aircraft,  Unmanned 

15.0 

Missile,  Checkout 

5.0 

Missile,  Flight 

25.0 

Missile,  Ground  Launch* 

50  -  100* 

Missile,  Airborne  launch* 

100  -  1000* 

Shipboard,  Surface 

- 

Shipboard,  Submarine 

10.0 

*  These  CE  values  apply  only  to  the  first  few  seconds 

of  missile  launch.  Missile  flight  C  then  becomes  25.0. 

L 
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4.4 


Failure  Rates  and  Tables 


4.4.1  Failure  Rates  X^,  For  Laboratory  Environment 

The  power  on-off  cycling  study  resulted  in  the  collection  of 
approximately  177  million  part-cycles  of  data  on  Military  Standard 
parts  and  118  billion  part-cycles  on  high  reliability  (TX,  ER,  Class  A 
(t  B)  parts.  Vendors  also  supplied  24  million  part-cycles  of  data  on 
microelectronic  devices.  Almost  all  of  the  data  are  from  laboratory 
environmental  conditions. 

The  1  est  estimates  of  X^  for  Military  Standard  parts  in  the 
laboratory  environment  have  been  made  and  are  contained  in  Table  4.4. 1-1. 
Unfortunately  the  small  quantity  of  data  and  observed  failures  permit 
only  a  "les^  than”  best  estimate  for  all  components  except  low  power 
NPN  and  high  power  NPN  transistors.  Much  additional  data  are  required 
in  the  Military  Standard  category  to  permit  better  estimate  of  the  Xc 
values  or  to  allow  construction  of  a  ranking  analysis  table  similar 
to  those  done  for  dormant  failure  rates. 

Estimates  of  X^  for  high  reliability  grades  of  parts  are 
shown  in  Table  4.4.1-II.  These  data  also  apply  to  the  laboratory  environ¬ 
ment.  Again  many  parts  types  have  not  accumulated  sufficient  experience 
in  part-cycles  or  failure  to  obtain  a  close  estimate  of  Xc. 

Finally  vendor  supplied  information  on  integrated  circuits  has 
been  compiled.  gfcdple  4.4.1-111  presents  these  data  for  informational  pur¬ 
poses  only  and  it  applies  to  the  laboratory  environment  also. 

4.4.2  Cyclic  Failure  Rate  and  Ratio  Tables 

4. 4. 2.1  Microelectronic  Device  X^  Table 

The  data  available  for  the  construction  of  Table  4. 4. 2.1-1 
are  for  the  laboratory  environment.  The  data  for  the  integrated  circuits 
are  from  Tables  4.4. 1-1,  4.4.1-II,  and  4.4.1-III.  No  data  were  available 
for  hybrid  devices.  Therefore,  conservative  engineering  judgment  tempered 
by  similarity  of  device  ratios  in  dormancy  to  those  known  for  power 
on-off  cycling,  was  used  to  fix  device  locations  for  the  various 
devices  for  MIL-STD-683  Class  A,  B,  C  and  non  MIL-STD-883. 

4. 4. 2. 2  Cyclic  Failure  Rate  (Xc)  Table  -  High  Reliability  Parts 

The  data  from  Table  4.4.1-II  have  been  reviewed  for  ranking. 
Insufficient  data  for  ranking  Xc  by  parts  categories  exist  so  a  general 
Xc  ranking  table  has  been  prepared.  Table  4. 4. 2. 2-1  is  this  table 
and  applies  to  the  laboratory  environment. 


TABLE  4. 4.1-1 


Observed  Power  On-Off  Cycling  Date,  Military  Standard  Parts 


Part  Type 

C 

Part-Cycles 
x  106 

FC 

Failure 

XC 

Failure  Rate 
(per  billion 
part-cycles) 

Antennas  and  Peripheral 

Equipment 

0.171 

0 

<5848 

Antennas 

0.013 

0 

<76923 

Attenuators 

0.026 

0 

<38462 

Circulators,  4  Port 

0.044 

0 

<22727 

Couplers,  Antenna 

0.053 

0 

<18868 

Couplers,  Directional 

0.035 

0 

<28571 

Capacitors 

6.758 

0 

<148 

General  Class 

0.534 

0 

<1873 

Ceramic 

0.640 

0 

<1563 

Glass 

3.152 

0 

•'  <  317 

Mica 

0.065 

0 

<15625 

Paper 

C. 320  * 

0 

<3125 

Plastic 

0.272 

0 

<3676 

Tantalum,  Foil 

0.288 

0 

<3472 

Tantalum,  Solid 

1.120 

0 

<893 

Tantalum,  Wet 

0.368 

0 

<2717 

Choppers 

0.016 

0 

<62500 

Filters 

0.011 

0 

<90909 

Fuses 

0.104 

0 

<9615 

Relays 

0.923 

0 

<1083 

Resistors 

48.231 

0 

<21 

Carbon  Composition 

14. JB4 

0 

<7u 

Metal  Film 

32.135 

0 

<31 

Wi rewound 

0.960 

c 

<1042 

Variable 

0.752 

0 

<1330 

Semiconductors 

118.156 

242 

2048 

Diodes 

24.382 

0 

<41 

Low  Pcv/er 

22.818 

0 

<44 

High  Power 

0.112 

0 

<8929 

Zener 

1.452 

0 

<689 

Transistors 

93.774 

242 

2581 

Low  Power 

92.794 

241 

2597 

NPN 

82.320 

241 

2928 

PNP 

10.474 

0 

<95 

Medium  Power 

0.304 

0 

<3289 

NPN 

0.048 

0 

<20833 

PNP 

0.256 

0 

<3906 

High  Power 

0.676 

1 

1479 

NPN 

0.404 

1 

2475 

PNP 

0.272 

0 

<3676 

Surge  Arrestors,  Spark  Gap 

0.322 

0 

<  3106 

Switches 

1 . 200 

0 

<833 

Transformers 

0.837 

A 

V 

<1155 

TOTAL 

176.729 

|  242 

1369 

TABLE  4.4.1-II 


Observed  Power  On-Off  Cycling  Data.  High  Reliability  Parts 


C 

Failure  Rate 

Part-Cycles 

FC 

(per  billion 

Part  Type 

x  106 

Failures 

part-cycles) 

Capacitor 

20101.477 

2 

0.10 

Aluminum 

0.269 

0 

<3717.47 

Ceramic 

9539.056 

0 

<0.10 

Glass 

277.905 

0 

<3.60 

Metal  Film 

0.012 

0 

<83333.33 

Mica 

0.720 

0 

<1388.89 

Mica ,  Reconstituted 

0.017 

0 

<58823.53 

Mylar 

0.705 

1 

1418.44 

Paper 

0.044 

0 

<22727.27 

Plastic/Paper 

0.012 

0 

<83333.33 

Polystyrene 

0.096 

0 

<10416.67 

Tantalum,  General  Class 

10273.777 

0 

<0.10 

Tantalum,  Foil 

0.053 

0 

<18867.92 

Tantalum,  Solid 

8.742 

1 

114.39 

Tantalum,  Wet 

0.012 

0 

<83333.33 

Variable 

0.057 

0 

<17543.86 

Connective  Devices 

9493.722 

0 

<0.11 

Connectors 

9075.331 

0  . 

<0.11 

Connector  Pins 

418.391 

0 

<2.39 

Crystals 

0.035 

0 

<28571.43 

Electromechanical  Devices 

0.195 

1 

5128.21 

-  W  *»»  a,  w 

a 

w  »  warn 

r\ 

V 

--nAAA  A  n  A 

J  •  J  J 

Fans,  Axial 

0.026 

0 

<38461.54 

Fans ,  Centrifugal 

0.017 

<58823.53 

Motors 

0.044 

1 

22727.27 

Blower 

0.008 

0 

<125000.00 

DC 

0.004 

0 

<250000.00 

Servo 

0.016 

1 

6«._  "9.00 

Torque 

0.016 

0 

<6250'  .00 

Resolvers 

0.063 

0 

<15873.02 

Slip  Rings 

0.033 

0 

<30303.03 

Filters 

0.004 

0 

<250000.00 

Heaters 

0.012 

0 

<8333.33 

Illuminating  Devices 

11.128 

23 

2066.86 

Lamps 

2.863 

21 

7334.96 

General  Class 

2.608 

20 

7668.71 

Annunciator 

0.008 

0 

<125000.00 

Electroluminescent 

0.155 

0 

<6451.61 

Incandescent 

0.092 

1 

10869.57 

Light  Emitting  Diode 

8.265 

2 

241.98 

j 
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Part  Type 


TABLE  4,4.1-11 
(continued) 

c 

'v 

XC 

Failure  Rate 

Part-Cycles 

FC 

(per  billion 

x  106 

Failures 

part-cycles) 

Inductive  Devices 
Chokes 
Coils 

General  Class 
Radio  Frequency 
Delay  Lines 
Inductors 
Reactors 

Inertial  Guidance  Devices 
Accelerometer 
Gyros 

Magnetic  Cores 
Oscillators,  Isolator 
Relays 
Resistors 

General  Class 
Carbon  Composition 
Carbon  Film 
Metal  Film 
Thermistor 
Thermal  Resistor 
Tin  Oxide 

Wirewound,  General  Class 
Wirewound,  Power 
Wirewound,  Precision 
Wirewound,  Heater  Element 
Variable,  General  Class 
Variable,  Metal  Film 
Variable,  Wirewound 
Semiconductors 
Diodes 

General  Class 
Low  Power 
Medium  Power 
High  Power 
Tunnel 
Zener 

Integrated  Circuits 
Digital 
Class  A 
Class  B 


553.830 

0.016 

499.090 

498.200 

0.890 

54.304 

0.248 

0.172 

0.016 

0.008 

0.008 

150.528 

0.004 

0.798 

36119.508 
1.733 

122.312 

0.185 

32309.048 

0.033 

16.380 

39.110 

3590.500 

11.502 

0.040 

0.040 

0.394 

1.031 

27.200 

51066.492 

13226.508 

0.022 

10928.512 

0.483 

463.399 

0.331 

1833.761 

29721.597 

28267.103 

22.717 

28244.386 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


<1.81 

<62500.00 

<2.00 

<2.01 

<1123.60 

<18.41 

<4032.26 

<5813.95 

<62500.00 

<125000.00 

<125000.00 

<6.64 

<250000.00 

<1253.13 

0.03 

<577.03 

<8.18 

<5405.41 

<0.03 

30303.03 

<61.05 

<25.57 

<0.28 

<86.94 

<25000.00 

<25000.00 

<2538.07 

<969.93 

<36.76 

0.10 

<0.08 

<45454.54 

<0.09 

<2070.39 

<2.16 

<3021.15 

<0.55 

<0.03 

<0.04 

<44.02 

<0.04 
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TABLE  4.4.1-II 
(continued) 


xc 

C  Failure  Rate 

Part-Cycles  Fr  (per  billion 


Linear 

Claes  A 
Class  B 

Transistors,  silicon 
General  Class 
Low  Power 
NPN 
PNP 

Medium  Power 
NPN 
PNP 

High  Power 
NPN 
PNP 

Field  Effect 
SCR 
NPNP 
PNPN 

Unijunction 

Switches 

General  Class  . 
Electronic 
Indicator  Light 
Inertial 

Humidity  Control 
Pressure 
Thermostatic 
Toggle 

Temperature  Sensors 
Thermostats 
Transformers 
General  Class 
Audio  Frequency 
Power 
Pulse 

Radio  Frequency 
Saturable 
Tubes,  Sprytron 
Video  Signal  Detectors 


1454.494 

0.134 

1454.360 

8118.387 

0.008 

7523.568 

4571.260 

2952.308 

3.936 

2.907 

1.029 

589.444 

507.841 

81.603 

1.085 

0.342 

0.161 

0.181 

0.004 

0.550 

0.201 

0.053 

0.053 

0.008 

0.017 

0.013 

0.161 

0.044 

0.004 

0.021 

138.618 

138.201 

0.017 

0.111 

0.066 

0.215 

0.008 

0.017 

0.C26 


TOTAL 


117636.905 


0  <0.69 

0  <7462.69 


0  <0.69 

5  0.62 


0 

0 

0 

0 

0 

0 

0 

5 

5 

0 

0 

0 

0 

0 

O 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

9 

0 

0 

0 

0 

0 

0 

0 

45 


<125000.00 
<0.13 
<0.22 
<0.34 
<254.07 
<344.00 
<971.82 
8.48 
9.85 
<12.25 
<921.66 
<2923.98 
<6211.18 
<5524.86 
<250000.00 
7272.72 
19900.50 
<18867.92 
<18867.92 
<125000.00 
<58823.53 
<76923.08 
<62111.80 
<22727.27 
<250000.00 
<47619.05 
64.93 
65.12 
<58823.53 
<9009.01 
<15151.52 
<46511 .63 
<125000.00 
<58823.53 
<38461.54 

0.38 
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Races  (failures/billlon  part-cycles) 


iiuykiilif..., .. juIjxU  «ii  ^.iLh  iiJ 


Catastrophic  Cyclic  Fcilure  Rates  (fallures/billioo  part-cycles) 


15.0 
10.0 
7.0 
5.0 
3.0 
2.0 
1.5 
1  .0 
0.70 
0.50 
0.30 
0.20 
0.15 
0.10 
0. 070 
0.050 
0.030 
0.020 
0.015 
0.010 

Class  A  -  Devices  intended  for  use  where  maintenance  and  replacement 
are  extremely  difficult  or  impossible,  and  reliability  is 
imperative . 

Class  B  -  Devices  Intended  for  use  where  maintenance  and  replacement 

can  be  performed,  but  are  difficult  and  expensive,  and  where 
reliability  is  imperative. 

Class  C  *  Devices  intended  for  use  where  maintenance  and  replacement 
can  be  readily  accomplished  and  down  time  is  not  a  critical 
actor. 

Non  MIL-STD-883  -  Devices  are  not  intended  for  military  application,  but  data 
have  been  included  for  informational  purposes  only. 


TABLE  4.4. 2.1-1 
(continued) 


•  rtyorifl  jll  iininj"" 

“  Hybrid  IC  (Thick)’ 

-Hybrid  IC  - 
(Thin) 

-U.rk.-'t.J  T  C 

(Thick) 
-Linear  IC  — 

-rnoifni  Tr  -  „  — — 

.nuuni  TP  — 
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Failure  Rate  (f ailures/billion  part-cycles) 


TABLE  4. 4. 2. 2-1 


4. 4. 2. 3  Construction  of  K  Q  Table 

The  construction  of  a  preliminary  )<£/£,  table  ha3  been 
attempted  based  on  several  billion  hours  of  dormancy  and  cycling  experience 
on  identical  parts  in  identical  equipment  and  on  tne  engineering  judge¬ 
ment  of  specialists  who  applied  a  ranking  analysis  technique  to  the 
various  categories  of  parts  using  a  50  percent  decade  scale. 

Parts  descriptions,  as  available,  were  studied  along  with, 
failure  modes  and  mechanisms.  The  raw  data  were  censored  so  that  it 
could  be  applied  judiciously  in  the  construction  of  Table  4. 4. 2. 3-1.  In 
so  doing,  several  categories  had  to  be  combined  or  discarded;  for  example, 
connectors,  listed  in  column  G,  are  actually  comprised  of  five  smaller 
subcategories  which  contained  too  little  data  to  be  considered  separately. 

In  those  cases  for  which  no  failures  were  observed,  then  a  most 
likely  range  with  upper  and  lower  limits  was  derived.  This  aided  in 
rough  ordering  each  part  or  component  with  respect  to  the  others. 

Some  apparent  anomalies  may  be  observed.  For  instance,  the 
ranking  of  the  light  emitting  diode  (LED)  is  much  higher  than  that  of 
low  or  medium  power  diodes,  which  are  of  similar  construction.  But  on 
the  basis  of  two  independent  cyclic  LED  failures,  a  lower  K 
value  cannot  be  justified  at  this  time. 

Limitations  of  Table  4. 4. 2. 3-1  are  many,  ot  which  a  tew  are: 

1_  The  ratio  K<yD  can  be  assumed  to  be  approximately  equal  to 
because  no  significant  statistical  difference  has 
been  found  between  As  and  XD. 

2_  The  cyclic  rate  will  affect  the  ratios  and  this  chart  is 
for  a  slow  cyclic  rate  of  not  more  than  6  times  per  day 
and  in  which  temperature  stabilization  occurs  after  each 
turn-on  and  turn-off. 

3_  The  transient  suppression  protection  provided  is  consistent 
with  good  design  practices. 

4_  That  only  higher  quality  grades  of  parts  are  represented, 
such  as  TX,  ER,  or  Class  A  and  B  for  microelectronics. 


Cyclic  Failure  Rate  Ratio  for  Kc/n  In  Hours/Cycle 


TABLE  4.4.2. 3-1 


Resistors 

end 

Resistive 

Devices 


Capacitors 


K.  ...  Ratios  for  Hiah  Reliabllltv  Parts  unrt  Oo.mnonents*-) 

WO  ~  ■  ^ 

Environment  -  equipment  laboratory  operation 
Cyclic  rate  •  6  cycles  (or  less)  per  24  hours 
Time  on  -  sufficient  for  temperature  stablllzatia 

Derating  -  50  percent  or  greater  on  devices  in  col 


Semiconductors 

and 

Microelectronic 

Devices 


Transformers 

and 

Inductors 


Elect| 

“dJ 


Transformers 


•Hybrid  IC  (thin  film) 


•Switch^ 


Tantalum,  wet,  foil  [/High  power  transistor 
Tantalum,  wet,  slug  [/Hybrid  IC  (thick  film) 


HHeaters 

100  [thermostats  /Tantalum,  solid 

^Thermistors  tMylar 

^Temperature  sensing 


/Variable 

Wirewound 


/Polystyrene 
IMetal  film 


-High  power  diode  - 

[Zener  diode 

/Light  emitting  diode 


/Relays/ 
tservo  a 


Re sol v 

-R.F.  chokes  and  coils-  -  Torquei 

Blower 


(Reactors  and  inductors  1 1 ^yros* j 
L- . < . . _-H  Counter 


Monolithic  IC,  linear  Magnetic  memory  cores  |SUp  ^ 


20  J-Carbon  Film- 


Monolithic  1C,  digital 
Medium  power  transistor 


•Pulsed ' 
pendtj 


/Metal  film_ 
IT  in  oxide 


/Glass 

ICeraraic 


Low  power  transistor 
Medium  power  diode 


5  [-Carbon  composition • 


-Low  power  diode 
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TABLE  4, 4. 2. 3-1 


Ratios  for  High  Reliability  Parts  and  Components* 


h  roanent  -  equlpssent  xaooratory  operation 
tlic  rate  •  6  cycles  (or  lesa)  per  24  hours 

on  -  sufficient  for  temperature  stabilization 
bratlng  *  SO  percent  or  greater  on  devices  in  columns  1,  2,  and  3 


Semiconductors 
and 

i  Microelectronic 
Devices 


Transformers 

and 

Inductors 


Electromechanical 
and  Rotating 
Devices 


Electrical 

6 


2000 


1000 


500 


200 


100 


50 


20 


10 


Transformers 


jbrid  IC  (thin  film) 


•Switches 


h  power  transistor 
rid  IC  (thick  film) 


Relays 
Servo  motors 


h  power  diode 


R.F.  chokes  and  coils 


er  diode 

,ht  emitting  diode 
lOlithic  1C.  linear 


Reactors  and  inductors 
Magnetic  memory  cores 


-\ 


pnolithic  1C,  digital 
Idium  power  transistor! 


power  transistor 

rlum  power  diode 


power  diode - 


Resolvers 
Torquer  motors 
Blower  motors 

Gyros,  integrating 

Counters  ■  - 

(Slip  rings 


Pulsed  integrating' 
pendulum 


Lamps,  incandescent 
Lamps,  electrolumines 
Fuses 


•Lamps,  annunciator- 


couplings’** 
Connectors** 
Connector  pins** 


**Per  connection 


4. 4. 2. 3  Construction  of  KC//D  Table 

The  construction  of  a  preliminary  table  has  been  '♦ 

attempted  based  on  several  billion  hours  of  dormancy  and  cycling  experience 
on  identical  parts  in  identical  equipment  and  on  the  engineering  judge¬ 
ment  of  specialists  who  applied  a  ranking  analysis  technique  to  the 
various  categories  of  parts  using  a  50  percent  decade  scale. 

Parts  descriptions,  as  available,  were  studied  along  with 
failure  modes  and  mechanisms.  The  raw  data  were  censored  so  that  it 
could  be  applied  judiciously  in  the  construction  of  Table  4. 4. 2. 3-1.  in 
so  doing,  several  categories  had  to  be  combined  or  discarded;  for  example, 
connectors,  listed  in  column  6,  are  actually  comprised  of  five  smaller 
subcatcgorj.es  which  contained  too  little  data  to  be  considered  separately. 

In  those  cases  for  which  no  failures  were  observed,  then  a  most 
likely  range  with  upper  and  lower  limits  was  derived.  This  aided  in 
rough  ordering  each  part  or  component  with  respect  to  the  others,. 

Some  apparent  anomalies  may  be  observed.  For  instance,  the 
ranking  of  the  light  emitting  diode  (LED)  is  much  higher  than  that  of 
low  or  medium  power  diodes,  which  are  of  similar  construction.  But  on 
the  basis  of  two  independent  cyclic  LED  failures,  a  lower  K 
value  cannot  be  justified  at  this  time.  ' 

Limitations  of  Table  4. 4, 2. 3-1  are  many,  of  which  a  few  are: 

1_  The  ratio  can  be  assumed  to  be  approximately  equal  to 

K£ys  because  no  significant  statistical  difference  has 
been  found  between  Xs  and  Xq. 

2_  The  cyclic  rate  will  affect  the  ratios  and  this  chart  is 
for  a  slow  cyclic  rate  of  not  more  than  6  times  per  day 
and  in  which  temperature  stabilization  occurs  after  each 
turn-on  and  turn-off. 

3^  The  transient  suppression  protection  provided  is  consistent 
with  good  design  practices. 

4_  That  only  higher  quality  grades  of  parts  are  represented, 

•  such  as  TX,  ER,  or  Class  A  and  B  for  microelectronics. 
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4.5 


Failure  Modes  and  Mechanisms 


A  list  of  29  failure  inodes  and  mechanisms  which  have  been 
identified  as  occurring  during  power  on-off  cycling  is  provided  in 
Table  4.5-1.  These  failures  occurred  on  parts  which  were  assembled 
into  systems  and  are  the  same  types  which  are  expected  to  be  observed 
in  the  future.  In  many  cases,  the  malfunctions  can  be  tied  back  to 
improper  process  control  during  manufacturing,  a  situation  which  may 
never  be  completely  corrected.  Even  though  electronic  parts  are  subjected 
to  screening  and  burn-in,  followed  by  several  functional  tests  at  the 
assembly  and  system  level,  a  small  quantity  of  potentially  defective 
items  get  into  operational  equipments.  Power  on-off  cycling  is  one 
forcing  mechanism  which  can  cause  those  parts  to  fail  in  a  catastrophic 
mode.  As  can  be  observed  from  the  table,  failure  analysis  of  the  part 
malfunction  is  still  not  a  requirement  on  all  major  programs. 

It  is  interesting  to  note  that  90  percent  of  the  failures 
listed  in  Table  4.5-1  are  opens.  The  reason  for  this  high  percentage 
can  undoubtedly  be  attributed  to  expansion  and  contraction  effects 
which  take  place  when  devices  sure  energized  and  de-energized.  Improper 
welds,  defective  solder  joints,  nicked  fine  wire,  and  marginal  structural 
assemblies  can  fail  when  subjected  to  this  environment. 

Open  windings  in  fine  wire  transformers  are  a  generic 
manufacturing  problem.  Failures  are  normally  associated  with  stress 
relief  loops,  wire  nicks,  and  soldering  of  lead  wires  to  the  windings. 
Although  thermal  cycling  is  often  used  as  a  screen  to  detect  these  kinds 
of  defects,  it  is  possible  that  power  on-off  cycling  represents  a  better 
way  to  identify  potential  malfunctions  of  this  type.  The  reason  for 
this  is  that  power  cycling  can  induce  local  hot  spot  heating  at  the 
area  where  the  defect  exists.  The  failure  will  then  become  apparent 
after  a  period  of  expansion  and  contraction  caused  by  the  power  cycling. 

Code  B  failures  were  obtained  from  a  tontrolled  experiment 
in  which  a  4000  hour  cycling  test  was  conducted,  with  each  cycle  consisting 
of  25  minutes  power  on  and  5  minutes  power  off.  Transistor  internal  lead 
wire/bond  failures  are  believed  to  be  the  same  mechanism  which  is  discussed 
in  more  detail  by  Reference  13.  The  cycling  rate  for  the  Code  A  and  C 
equipment  was  that  which  was  normally  experienced  during  operational  use. 

Although  Table  4.5-1  does  not  contain  any  integrated  circuit 
failures,  power  on-off  cycling  and  resultant  differential  expansion  and 
contraction  can  create  malfunctions  in  these  devices  especially  when 
a  glassivation  layer  has  been  employed  for  passivation  purposes.  A 
detailed  discussion  of  this  situation  can  be  found  in  Reference  14. 
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4-35 


TABLE  4.5-1 


System  Failures  Occurring  During  Power  On-Off  Cycling 


System 

Quantity 

Part  Typa 

Failure  Mode 

A 

6 

Trans former 

Open 

A 

2 

Transformer 

Open 

A 

1 

Transformer 

Open 

A 

3 

Switch 

Open 

A 

1 

Capacitor,  Solid  TA 

Open  ; 

A 

1 

Capacitor 

Open 

B 

1 

Capacitor,  Wet  TA 

Short 

B 

1 

Capacitor 

Open 

A 

1 

Transistor 

Open 

A 

1 

Transistor 

Open 

B 

1 

Transistor 

Open 

« 

1 

Transistor 

Short 

C 

1 

Transistor,  Power 

Open 

B 

4 

Diode 

Open 

B 

1 

Diode 

Short 

A 

1 

Lamp,  Pilot 

Open 

A 

1 

Motor,  Tach.  Gen, 

Open 

A 

* 

1 

Thermistor 

Open  < 

29 

Total 

i 

1 


System  Code 

A  *  Space  Vehicle 
B  »  Surface-to-surface  Missile 
C  ■  Satellite 


TABLE  4.5-1 


■  Failures  Occurring  During  Power  On-Off  Cycling 

part  Type 

Failure  Mode 

Description 

ifomer 

Open 

Magnet  Wire  Fractured 

■former 

Open 

Internal  Lead  Wire  Broken 

■former 

Open 

Nick  In  Stress  Relief  Loop 

eh 

Open 

Defective  Solder  Joints  and  Connections 

Citor,  Solid  TA 

Open 

Defective  internal  Weld 

Citor 

Open 

Defective  Internal  Solder  Joint 

Citor,  Wet  TA 

Short 

Electrolyte  Leak 

Citor 

Open 

Manufacturing  Defect 

listor 

Open 

Metalization  Defect 

listor 

Open 

Improper  Bond  of  Collector  Lead 

listor 

Open 

No  Failure  Analysis 

listor 

Short 

No  Failure  Analysis 

listor,  Power 

Open 

Broken  Internal  Lead  Wire 

Open 

No  Failure  Analysis 

i 

Short 

No  Failure  Analysis 

,  Pilot 

Open 

Broken  Filament 

Tach.  Sen. 

Open 

Improper  Solder  Connection 

listor 

Open 

Wafer  Fractured 
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Failure  Modes  and  Mechanisms 


A  list  of  29  failure  modes  and  mechanisms  which  have  been 
identified  as  occurring  during  power  on-off  cycling  is  provided  in 
Table  4.5-1.  These  failures  occurred  on  parts  which  were  assembled 
into  systems  and  are  the  same  types  which  are  expected  to  be  observed 
in  the  future.  Zn  many  cases,  the  malfunctions  can  be  tied  back  to 
iu\p roper  process  control  during  manufacturing,  a  situation  which  may 
never  be  completely  corrected.  Even  though  electronic  parts  are  subjected 
to  screening  and  burn-in,  followed  by  several  functional  tests  at  the 
assembly  and  system  level,  a  small  quantity  of  potentially  defective 
items  get  into  operational  equipments.  Power  on-off  cycling  is  one 
forcing  mechanism  which  can  cause  those  parts  to  fail  in  a  catastrophic 
mode.  As  can  be  observed  from  the  table,  failure  analysis  of  the  part 
malfunction  is  still  not  a  requirement  on  all  major  programs. 

It  is  interesting  to  note  that  90  percent  of  the  failures 
listed  in  Table  4.5-1  are  opens.  The  reason  for  this  high  percentage 
can  undoubtedly  be  attributed  to  expansion  and  contraction  effects 
which  take  place  when  devices  are  energised  and  de-energized .  Improper 
welds,  defective  solder  joints,  nicked  fine  wire,  and  marginal  structural 
assemblies  can  fail  when  subjected  to  this  environment. 

Open  windings  in  fine  wire  transformers  are  a  generic 
manufacturing  problem.  Failures  are  normally /associated  with  stress 
relief  loops,  wire  nicks,  and  soldering  of  le^d  wires  to  the  windings. 
Although  thermal  cycling  is  often  used  as  a  screen  to  detect  these  kinds 
of  defects,  it  is  possible  that  power  on-off / cycling  represents  a  better 
way  to  identify  potential  malfunctions  of  this  type.  The  reason  for 
this  is  that  power  cycling  can  induce  local/ hot  spot  heating  at  the 
area  where  the  defect  exists.  The  failure /will  then  become  apparent 
after  a  period  of  expansion  and  contraction  caused  by  the  power  cycling. 

Code  B  failures  were  obtained  from  a  controlled  experiment 
in  which  a  4000  hour  cycling  test  was  conducted,  with  each  cycle  consisting 
of  25  minutes' power  on  and  5  minutes  powffer  off.  Transistor  internal  lead 
wire/bond  failures  are  believed  to  be  txe  same  mechanism  which  is  discussed 
in  more  detail  by  Reference  13.  The  cycling  rate  for  the  Code  A  and  C 
equipment  was  that  which  was  normally  experienced  during  operational  use. 

Although  Table  4.5-1  does  not  contain  any  integrated  circuit 
failures,  power  on-off  c  cling  and  resultant  differential  expansion  and 
contraction  can  create  malfunctions /in  these  devices  especially  when 
a  glassivation  layer  has  been  employed  for  passivation  purposes.  A 
detailed  discussion  of  this  situation  can  be  found  in  Reference  14. 


5.0  RELIABILITY  MODELS 


In  recent  years,  an  increasing  number  of  electronic  systems  have  been 
developed  which  are  likely  to  be  in  a  nonoperating  or  dormant  mode  for  long 
periods,  varying  from  a  year  to  5  or  10  years,  before  being  used  in  their 
intended  missions  or  replaced.  Most  of  these  systems  must  be  capable  of 
successful  operation  at  any  time  with  short  notice.  This  greatly  increases 
the  importance  of  having  a  reliability  mathematical  model  which  accurately 
portrays  the  system  reliability  at  any  period  during  its  life  cycle. 

5.1  Service  Life  Model 

The  basic  modeling  techniques  required  for  the  prediction  of  system 
reliability  in  the  dormant  mode  were  established  and  validated  in  1967  in 
Reference  1.  These  and  subsequent  techniques  have  resulted  in  a  service 
life  model  that,  is  a  function  of  numerous  system,  subsystem,  and  device 
characteristics.  The  service  life  model  evaluates  system  reliability  in 
terms  of  the  system’s  unique  deployment  schemes  and  design  characteristics, 
which  include  the  effects  of: 

2  Service  life  environmental  (deployment)  modes 

2  Expected  time  in  each  mode 

3  Power  on-off  cycling  during  test  and  checkout  or  operational  usage 

A  Failure  detection  capability  of  the  system 

5  Accumulation  of  operation,  dormant,  and  cycling  failures 

6  Frequency  of  periodic  test  and  checkout. 

A  simplified  service  life  model  is  shown  in  Figure  5.1*1  for  a  missile 
system  which  is  constantly  monitored  for  failures  after  deployment.  From 
the  figure,  note  that  the  reliability  of  the  missile  after  the  dormant  mode 
is  a  function  of: 

1_  The  undetected  failures  cumulated  from  prior  modes 

2  The  dormancy  failure  rate  and  time  in  dormancy 

3  The  effectiveness,  ,  of  the  system  test  equipment. 
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•JNKTCCTCO  FAILURE  FLOW 


With  Constant  Monitor 


jPf  WiiWMipm1**' 


If  this  missile  system  had  been  tested  at  periodic  Intervals  during  deploy- 
oent  rather  than  being  constantly  monitored,  a  fourth  factor  affecting  the 
reliability  of  the  missile  would  be  the  cumulative  effects  of  power  on-off 
cycling, 

5.2  Storage  and  Dormancy  Models 

Strictly  speaking,  there  are  two  primary  types  of  submodels,  each  of 
which  may  or  may  not  be  present  in  a  given  service  life  model  at  the  same 
time.  These  consist  of  a  storage  model  and  a  dormancy  model,  which  are 
broken  down  further  in  Table- 5.2-1.  The  primary  difference  between  the 
storage  and  dormancy  models  is  in  terminology.  As  the  definition  of  storage 
Implies,  the  storage  model  applies  when  an  equipment  is  placed  in  storage 
or  * ‘on-the-shelf ’ *  for  a  certain  time  interval  before  either  being  deployed 
or  used  in  its  intended  mission.  While  in  storage ,-  the  equipment  may  or 
may  not  be  periodically  tested.  The  methods  and  failure  rates  used  for  de- 
termining  equipment  reliability  are  the  same  for  the  storage  and  dormancy 
models.  Therefore,  the  paragraphs  and  examples  describing  the  dormancy 
models  will  also  apply  to  the  equivalent  storage  models;  i.e.,  periodic  test 
and  no  test. 

TABLE  5.2-1 


Constituent  Models  of  the 

Service  Life  Model 

Service  Life  Model 

1 .  Storage  Model 

a.  No  test 

b.  Periodic  test 

2,  Dormancy  Model 

a.  No  test 

b.  Periodic  test 

The  dormancy  model  is  used  in  conjunction  with  two  basic  deployment 
survival  techniques  utilized  for  systems  which  are  unlikely  to  be  used  in 
their  intended  mission  for  long  periods  of  time  after  deployment.  The  first 
and  simplest  technique  is  the  “no  test’’  plan.  Under  this  concept  the 
system  is  deployed  and  never  tested  until  used  in  its  Intended  mission.  For 
some  of  the  less  complex  systems,  this  is  the  best  method.  However,  as 
system  complexity  increases,  other  means  must  be  found  to  assure  that  an 
acceptable  reliability  is  maintained. 

The  second  deployment  survival  technique  is  used  for  higher  complexity 
systems  which  can  experience  considerable  degradation  over  long  periods  of 
dormancy.  In  this  technique,  which  is  the  periodic  te9t  concept,  the  de¬ 
ployed  system  is  tested  at  periodic  intervals ,  such  as  every  6  months,  and 
any  necessary  repairs  are  made  after  each  test. 
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5.3  Application  of  Reliability  Models 


Vo  visualise  the  differences  between  the  two  basic  deployment  survival 
techniques,  an  example  is  provided  which  compares  the  two  techniques  by 
applying  them  to  a  tactical  electronic  system.  The  system  is  assumed  to 
consist  of  high  reliability  parts  and  to  be  contained  in  a  controlled  en- 
vironment  during  deployment.  A  parts  list  of  the  system  with  associated 
operating  and  dormancy  failure  rates  is  shown  in  Table  5,3-1. 


In  referring  to  Figure  5.1-1,  Mode  4  of  the  service  life  model  (deploy¬ 
ment)  is  the  only  variation  to  be  considered  by  this  example.  Therefore, 
the  undetected  failures  through  Mode  3  can  be  calculated  to  determine  the 
system  reliability,  R3,  at  the  end  of  Mode  3  or  the  beginning  of  deployment 


r3  •  ■>,)  *E  tE)  ♦  o-  o3)  C»„t0j  +  xEcEj) 

where  •  expected  failures  through  Mode  3 

Xg  ■  1,186,966.7  fits  »  System  operating  failure  rate 

tp  =  340  hours  -  Total  operating  tirm*  prior  to  shipment 
fc1 

XD  ■  14,876.25  fits  *  System  dormancy  (storage)  failure  rate 

t  ■  720  hours  *  Total  dormant  (storage)  time  through  Mode  2 
U2 

t  =>  5  hours  ■  Total  operating  time  during  predeployment  checkout 


a1  -  0.95  ■  Test  efficiency  of  factory  test 

■  0.90  **  Test  efficiency  of  predeployment  checkout  test 

F  *»  0.05(1, 186, 966. 7x10-9)  (340)  +  0.10  ( (14 ,376. 25x10'9)  (720)  + 
J  1 ,186,966.7x10"9(5)] 


F3  =  0.0218 

Thus  R3  -  e"°*u218  .  0.978 

Therefore,  the  system  reliability  at  the  beginning  of  deployment  is  0.978. 
5.3.1  No  Test  Deployment  Concept 


If  the  ‘‘no  test’’  concept  is  chosen  for  the  system,  then  the  system 
will  remain  in  a  dormant,  unenergized  state  throughout  the  deployment  mode 


Failure  Kate*  of  Tactical  System  Used  for  Reliability  Model  Example 


liability  class  of  parts  (ER,  TX,  or  HIL-STD-883  Class  B) 


of  its  service  life.  No  system  failures  will  be  detected  during  this  period, 
and  the  total  undetected  failures  occurring  during  Mode  4  (deployment)  of 
the  system  service  life  are  found  as  follows: 


where  F^  ■  Expected  failures  during  Mode  4  under  “no  test'*  concept 

Xp  ■*  14,876.25  fits  •  Dormant  failure  rate 

■  1  to  5  years  ■  Expected  deployment  time 

The  model  may  be  solved  for  the  total  expected  failures  for  various  time 
durations,  and  by  utilizing  the  exponental  equation,  system  reliability  can 
be  calculated. 


Figure  5. 3. 1*1  shows  the  system  reliability  degradation  during  the  de¬ 
ployment  mode  under  the  4 ‘no  test*'  concept.  Note  that  the  initial  relia¬ 
bility  is  not  1.0,  but  0.978  which  is  a  result  of  the  undetected  failures 
through  Mode  3.  Therefore,  at  the  end  of  five  years  the  system  reliability 
would  be  0.51,  which  is  not  acceptable  for  most  tactical  systems. 


5.3.2  Periodic  Test  Concept 

In  order  to  maintains  higher  reliability  throughout  deployment,  a 
periodic  test  strategy  may  be  chosen.  As  previously  mentioned,  complex 
trade  studies  are  involved  in  selecting  the  optimum  checkout  interval. 
However,  it  shall  be  assumed  that  the  trade  studies  have  already  been  per¬ 
formed,  and  a  periodic  test  interval  of  one  year  selected. 


An  important  consideration  with  the  periodic  test  concept  is  the  effects 
of  power  on-off  cycling  on  the  system  reliability.  If  the  system  does  not 
have  adequate  transient  suppression  circuitry,  the  power  cycling  may  have 
a  disastrous  effect  upon  systenl  reliability  and  availability.  It  shall  be 
assumed  chat  the  system  under  consideration  does  have  protection  against 
transients . 

V 

\ 

For  calculating  the  estimated  number  of  failures  that  occur  between 
periodic  test  (including  the  effects  of  cycling  during  the  rest),  certain 
values  relating  to  the  test  must  he  established.  The  interval  between 
periodic  tests  will  be  one  year.  The  total  operating  time  during  a  periodic 
test  is  assumed  to  be  3.0  nours,  which  also  is  sufficient  time  for  the  in¬ 
ternal  temperature  rise  to  stabilize  at  the  maximum  operating  value.  The 
model  for  calculating  the  estimated  failures  is  based  upon  the  models 
derived  in  .section  1.1  of  this  report  which  incorporated  the  effects  of 
on-uif  cycling.  The  model  used  is  taken  from  Equation  1.1. 2-8  with  r^  -  0: 


l  <rn  +  Nr 


kc./d^ 


rE]. 


where  Fp  «  Expected  failures  during  one  periodic  test  interval 
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I'd  *  0.99966  «  Ratio  of  total  dormant  time  to  total  periodic 
test  interval  time 

"  0.00023  m  Ratio  of  total  power  cycles  to  total  periodic  test 
interval  time  (cycles  per  ho.1  ) 

kc/d“  270  -  Ratio  of  cyclic  failure  rate  to  dormancy  failure  rate 

(estimated  for  an  average  mix  of  high  reliability  parts) 

Ap  -  14,876.25  fits  ■  System  dormant  failure  rate 

Ag  »  1,136,966.7  fits  ■  System  energized  failure  rate 

r£  ®  0.00034  =  Ratio  of  total  operating  time  to  total  periodic 
test  interval  time 

tD  =  8760  hours  ■  Total  periodic  test  interval  time 


The  failure  rate  values  are  taken  from  Table  5.3-1.  The  ratios,  rj)  and  rg, 
are  based  upon  the  assumption  of  a  one  year  periodic  test  interval  (8760 
hours)  with  a  3  hour  operating  time  during  test.  A  total  of  2  power  on-off 
cycles  are  assumed  per  test  interval,  from  which  Nq  is  obtained.  The  value 
of  Kc/0  is  assumed  to  have  been  determined  for  this  sysi_em  based  upon  such 
factors  as  high  reliability  parts,  part  mix,  cyclic  rate  and  duration, 
transient  suppression  capabilities,  and  energy  level  attained  during  cycling. 
Substituting  these  values  into  the  model: 

f  =  {[(0.99966)  +  (0.00023)  (270) j  14,876.25x10‘9  + 

(1 ,186,966.7x10*9)  (0.00034)}  8760 
Fp  *  0.1419 


By  combining  the  value  calculated  for  Fp  with  that  of  F3  previously  calcu¬ 
lated  and  applying  the  sum  to  the  exponental  equation,  the  system  relia¬ 
bility  just  prior  to  the  first  periodic  test  is  obtained: 


R 


-0.1637 

e 


0.849 


Thus,  by  using  the  exponential  equation,  system  reliability  can  be 
calculated  at  the  time  of  test.  Immediately  after  the  periodic  test,  the 
reliability  will  be  higher  since  detected  failures  will  have  been  repaired. 
However,  the  reliability  will  not  regain  its  former  level  at  the  previous 
periodic  test  because  there  are  undetected  failures  remaining  in  the  system. 
For  comparative  purposes,  it  shall  be  assumed  that  the  value  of  a  (efficiency 
of  the  test  in  detecting  failures)  can  be  either  0.5C  or  0.95  depending 
upon  the  design  and  test  equipment.  The  system  reliability  following  test 
can  be  calculated  in  the  following  manner: 

-  [  (1  -cc)  (Fp)  +  F31 

R  =  e 
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For  a  ■  0.50: 


R  o  e*l  (1*0,50)  (0.1419)  +  0.0218] 

R  «  0.91 1 

For  a  -  0.95: 

r  -  -10-0.95)  (0.1419)  +  0.0218] 

R  -  0.972 

Figure  5. 3.2-1  shows  Che  resulting  reliability  degradation  over  a  five 
year  period  for  both  a  values.  As  evidenced  by  the  graphs,  there  is  a 
considerable  difference  in  reliability  when  the  percentage  of  failures  de¬ 
tectable  is  increased.  Other  than  dormancy  failure  rate,  the  most  signifi¬ 
cant  contributors  to  achieving  long  term  dormancy  system  reliability  are 
the  test  efficiency  and  the  frequency  of  periodic  test. 

It  is  interesting  to  note  what  effect  power  on-off  cycling  has  on  system 
reliability.  If  cycling  were  not  taken  into  account,  the  model  for  the 
expected  failures  at  the  end  of  the  first  yearly  periodic  test  would  be: 

F  -  (l-o)  !(  XD  t  >  +  F3I 

4 

Failures  undetected  prior  to  deployment 
Dormancy  failure  rate 
Periodic  teat  interval 

Test  efficiency 

(.5)  [ (14,876.25x10"^)  (8760)]  +  0.0218 
0.0870 

-0.0870 
e 

0.917  =  Reliability  without  effects  of  cycling  assuming 
0.50  test  efficiency 

A  comparison  is  shown  in  Table  5. 3.2-1  between  the  system  reliability 
values  calculated  when  the  effects  of  on-off  cycling  are  taken  into  account 
and  when  they  are  not  considered.  The  values  reflect  an  assumed  test  effi¬ 
ciency  of  0.50  and  a  periodic  test  interval  of  one  y«.«r.  The  differences 
are  small,  but  become  more  significant  when  it  is  remembered  that  only  2  on- 
off  cycles  per  year  are  being  applied  to  the  system. 


where  F^  ■ 


a  = 
F  =* 
F  = 

Therefore, 
R  = 
R  » 
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TABLE  5. 3. 2-1 


Comparison  of  Periodic  Tesc  Reliability  Calculations 
With  and  Without  The  Effects  of  On-Off  Cycling 


Time  Interval 
(Years) 

Reliability  Calculations 

With  Cycling 
Effects 

Without  Cycling 
Effects 

1 

0.911 

0.917 

2 

0.849 

0.859 

3 

0.791 

0.805 

4 

0.736 

0.754 

5 

0.686 

0.706 

Note:  2  on-off  cycles  per  year  are  assumed 
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6.0  CONCLUSIONS  AND  RECOMMENDATIONS 


6.1 


Conclusions 


Martin  Marietta  has  thoroughly  conducted  and  successfully 
concluded  both  RADC  sponsored  programs . 

1^  F30602-72-C-0243 ,  "Dormancy  Failure  Rates  of 

Electronic  Equipment  and  Parts,"  and 

2_  F30602-72-C-0247 ,  "Power  On-Off  Cycling  Effects 

on  Electronic  Equipment  Reliability," 


During  the  data  collection  and  analysis  phases  of  the  above 
programs,  definite  interrelations  between  the  storage,  dormancy,  power 
on-off  cycling,  and  normally  energized  states  were  found,  developed, 
and  verified.  These  interrelationships  have  been  incorporated  into 
service  life  equations  and  models.  Both  apply  to  military  electronic 
equipment  and  utilize  failure  contributions  from  the  dormancy  and  power 
on-off  cycling  states  in  combination  with  those  of  the  normally  energized 
state. 


The  basic  interrelationships,  terms,  and  equations  are  given  in 
Equations  1.1. 2-1  through  1.1. 2-9.  The  full  spectrum  of  service  life 
models  has  been  carefully  developed,  explained,  and  illustrated  in  Sec¬ 
tion  5.0  RELIABILITY  MODELS.  The  service  life  modeling  techniques  of 
Section  5.0  provide  the  means  by  which  a  system’s  reliability  can  be 
predicted  or  determined  at  any  time  during  its  service  life  cycle. 

The  study  and  investigation  efforts  of  dormancy  and  power  on- 
off  cycling  have  been  logically  combined  into  this  final  technical 
report.  This  permits  simultaneous  retrieval  of  both  sets  of  failure 
rates  and  interrelating  factors  from  library  sources.  The  logic  and 
efficacy  of  a  single  report  are  also  amplified  by  the  fact  that  both 
studies  have  had  the  same  ultimate  goals: 


1_  The  development  and  improvement  in  design,  manu¬ 
facturing,  quality,  and  deployment  techniques  or 
conditions  that  promote  attainment  of  maximum 
system  reliability 
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V 

2_  The  updating  and  upgrading  of  reliability  predic¬ 
tions  through  improvements  in  military  electronic 
system  mathematical  modeling  methodology 

2  The  quantification  of  corresponding,  viable,  and 

authoritative  failure  rates  and  factors  for  dormancy 
and  power  on-off  cycling  from  available  field  data. 

6.1.1  Dormancy  Program  Conclusions 

A  statistical  analysis  of  the  dormant  and  storage  data  collected 
during  this  program  indicates  that  there  is  no  significant  difference 
between  failure  rates  for  equivalent  part  types  in  the  storage  and  dor¬ 
mant  modes.  As  a  result  of  this  finding,  the  dormant  and  storage  data 
have  been  combined  for  all  analyses.  Because  of  the  unavailability  of 
drift  failure  rate  information,  only  catastrophic  failure  rates  and 
factors  have  been  developed. 

6. 1.1.1  Failure  Rates,  Factors,  and  Models 

Dormancy  data  collected  were  primal iiy  on  three  grades  of 
electronic  devices  —  Military  Standard,  high  reliability,  and  ultimate. 

The  data  served  to  verify  and  strengthen  the  validity  of  the 
failure  rates  and  factors  originally  developed  in  Reference  1.  Many 
of  the  data  gaps  that  previously  existed  have  been  filled,  and  changes 
in  failure  rates  because  of  technological  advances  in  design,  manufac¬ 
turing,  and  quality  control  are  reflected.  In  almost  all  cases,  the 
catastrophic  failure  rates  have  improved  for  individual  electronic 
parts.  These  are  summarized  in  Table  3.6.1-II  for  microelectronic 
devices,  Table  3, 6. 2-1  for  resistors  and  capacitors.  Table  3.6. 3-1 
for  semiconductors,  and  Table  3. 6. 4-1  for  low  population  devices. 

Integrated  circuit  reliability  has  been  expanded  by  categorizing 
the  failure  rates  by  the  screening  classes  given  in  MIL-STD-863.  Table 
6.1.1-I  shows  the  relative  differences  found  to  exist  among  the  different 
classes  for  both  digital  and  linear  integrated  circuits.  Insufficient 
field  data  were  available  to  make  dormant  failure  rate  estimates  for 
MOS,  MSI,  and  LSI  devices. 

Analysis  of  the  data  shews  that,  on  the  average,  dormant  high 
reliability  part  failure  rates  are  between  3  and  7  times  better  than  the 
Military  Standard  grade.  The  ultimate  grade  part  appears  to  be  about  50 
times  better  than  the  Military  Standard  grade;  however,  data  are  still 
insufficient  to  draw  good  or  prove  definite  conclusions  on  this  grade. 
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TABLE  6.1.1-I 


Failure  Rate  Factors  for  Digital  and  Linear  Integrated 
Circuits  by  Classes  A,  B,  and  C  of  MIL-STD-883 


Integrated  Circuit 

Type 

Reliability 

Class 

Relative 

Failure  Rate  Factois 

Digital 

Class  A 

\* 

Class  B 

2*x 

Class  C 

5* 

Linear 

Class  A 

1** 

Class  B 

3.5** 

Class  C 

10** 

*  Normalized  to  Class  A,  Digital 
**  Normalized  to  Class  A,  Linear 


Based  upon  data  from  five  systems  with  similar  functions  but 
with  different  vintages  of  designs  and  high  reliability  parts,  dormant 
reliability  growth  trends  have  been  determined.  The  growth  trends 
indicate  a  steady  improvement  in  average  catastrophic  dormant  failure 
rates  from  1964  to  1969.  However,  the  rate  of  improvement  has  leveled 
off  somewhat  after  1967  and  appears  to  be  asymptotically  approaching  a 
level  failure  rate  much  more  slowly  after  1969.  This  failure  rate 
improvement  is  primarily  due  to  improved  manufacturing  control  and  more 
effective  parts  screening  and  burn-in  as  shown  in  Table  3.7. 1.4-1  and 
Figure  3.7. 1.4-1. 

Parametric  drift  information  was  sought  on  dormant  devices,  but 
has  been  found  to  be  sparse.  In  general,  however,  parametric  drift  tests 
conducted  on  stored  semiconductors  have  shown  drift  to  be  negligible  on 
devices  investigated.  Positive  drift  trends  have  been  observed  on  cer¬ 
tain  metal  film  and  wirewound  resistors.  Even  this  drift  rate  does  not 


indicate  these  types  of  resistors  can  be  expected  to  go  outside  of  end  of 
life  tolerances  over  a  10  year  period.  Insufficient  drift  data  exist 
for  other  devices. 

Because  of  the  limited  temperature  and  humidity  ranges  observed 
on  the  dormancy  data,  no  pronounced  differences  in  dormant  catastrophic 
failure  rates  can  be  identified  for  temperature  or  humidity  changes.  Data 
from  high  temperature  storage  tests  on  microelectronic  devices  have  been 
analyzed  in  a  further  attempt  to  correlate  dormant  failure  rates  with  tem¬ 
perature.  In  general,  the  dormant  failure  rates  increase  with  temperature, 
but  the  lack  of  more  than  two  high  temperature  data  points  prevented  the 
establishment  of  an  Arrhenius  curve  and  associated  acceleration  factors. 

Quantification  of  relative  environmental  location  factors  for 
electronic  systems  has  been  accomplished  for  four  dormant  environments: 
satellite,  in  container  in  a  controlled  environment,  not  in  container  in 
a  controlled  environment,  and  submarine.  The  factors  are  listed  in  Tables 
3. 5.2-1  and  II. 

The  service  life  model  previously  mentioned  has  been  developed 
to  reflect  the  entire  life  cycle  of  a  system  from  factory  to  replacement 
or  use  in  its  mission.  The  model  enables  the  system  reliability  to  be 
calculated  at  any  given  time  throughout  this  cycle.  Many  of  our  strategic 
missile  systems,  both  in  the  field  today  and  under  development,  have  a 
planned  life  cycle  of  approximately  10  years  and  must  be  oapacle  of  suc¬ 
cessful  operation  at  any  instant  during  this  period.  Thus,  the  importance 
of  having  a  reliability  mathematical  model  which  accurately  portrays  the 
system  reliability  prior  to  deployment  becomes  paramount.  The  addition 
of  power  on-off  cycling  effects  to  this  model  increases  the  accuracy  even 
mox^  and  is  discussed  in  paragraph  6. 1.2.1. 

6. 1.1.2  Dormancy  Failure  Modes  and  Mechanisms 

Preliminary  indications  from  failure  mode  data  collected  on 
approximately  100  electronic  parts  are  that  open  and  short  failures 
occur  with  about  equal  frequency  ir.  the  dormant  state.  However,  a 
closer  look  at  the  data  reveals  that  about  60  percent  of  the  shorts 
experienced  are  due  to  contaminated  integrated  circuits.  Without  this 
failure  mode,  the  opens  are  clearly  in  the  majority. 

The  most  prevalent  type  of  open  failures  are  lifted  bonds  on 
transistors  and  integrated  circuits  and  electrolysis  of  Nichrome  metal 
film  resistors  with  entrapped  humidity. 

The  shorted  failure  modes  are  primarily  due  to  contaminated 
IC's,  dielectric  breakdown  in  ceramic  capacitors,  and  electrolyte  leak¬ 
age  in  wet  tantalum  capacitors.  Although  examples  of  "purple  plague” 


were  not  revealed,  other  types  of  intermetallic  problems  are  still  present. 
This  is  evidenced  by  failures  of  this  type  from  two  sources. 

A  major  contributor  to  failures  which  occur  during  dormancy  is 
out-of-ccntrol  manufacturing  processes.  Metal  film  resistors  have  ex¬ 
hibited  two  failure  mechanisms  attributable  to  manufacturing  processes. 

One  was  the  presence  of  sealed-in  moisture  which  initiated  an  internal 
electrolysis  process  that  created  voids  in  the  Nichrome  film.  The  other 
failure  mode  is  caused  by  the  resistive  Nichrome  element  flaking  off 
because  the  ceramic  base  cores  were  insufficiently  cleaned  before  film 
deposition. 


The  integrated  circuit  contamination  failures  are  also  attribut¬ 
able  to  manufacturing  processes.  Sources  reported  that  loose  conductive 
particles  on  the  substrate  surface  caused  shorts  in  the  devices.  These 
are  particularly  devious  failures  to  validate  because  of  the  mobility  of 
the  particles.  For  example,  assume  a  dormant  system  in  an  airborne  en¬ 
vironment  experiences  sufficient  vibration  to  cause  a  conductive  con¬ 
taminant  to  short  an  integrated  circuit;  the  module  containing  the  IC 
is  removed  for  repair  and  transported  to  the  repair  facility.  During 
transit,  however,  should  the  conductive  particle  move  to  another  location 
on  the  substrate,  the  module  will  test  perfectly  good.  All  evidence  of 
failure  has  vanished.  One  way  of  controlling  this  type  of  failure  mech¬ 
anism  is  to  perform  a  screening  test  which  monitors  the  electrical  para¬ 
meters  of  the  device  during  vibration  testing.  Another  way  of  avoiding 
this  problem  is  to  eliminate  the  failure  mode  by  design  and  use  of  devices 
which  have  a  surface  passivation  layer  which  negates  any  possible  inter¬ 
mittent  shorts  from  any  contaminants  that  may  be  presont. 


Since  the  observed  failure  modes  and  mechanisms  for  dormancy 
are  the  same  as  those  for  the  energized  state,  it  can  be  concluded  that 
dormancy  itself  is  not  the  causative  factor.  Ratner  device  material 
properties  or  incipient  defects  are.  Both  typos  of  these  failure  mech¬ 
anisms  con  be  correlated  with  dormant  time  as  well  as  operating  time. 

The  rate  at  which  failures  occur  in  dormancy  is  lower  because  of  zero 
or  near  zero  electrical  stresses  applied. 

fc.1.2  Fower  On-Off  Cycling  Program  Conclusions 
✓ 

The  results  of  the  data  collection  and  analysis  program  indicate 
that  power  on-off  cycling  can  nave  a  definite  adverse  effect  upon  elec¬ 
tronic  equipment  reliability.  The  degree  to  which  reliability  is  affected 
depends  upor.  several  factors  such  as  part  quality,  cyclic  rate,  temperature 
effects,  environment,  and  transient  suppression  capabilities  of  the  system. 
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These  factors  are  not  always  independent  of  one  another ,  hut  rather 
depend  upon  system  design  and  duty  cycle  characteristics.  Therefore, 
great  caution  and  care  must  be  exercised  in  construction  of  any  power 
on-off  cycling  mathematical  model  and  development  of  quantitative  values 
for  factors  in  the  model. 

This  report  is  considered  to  be  the  initial  step  toward  defin¬ 
ing  the  terms  and  factors  related  to  power  cycling  and  developing  the 
necessary  mathematical  models  and  quantitative  factors  required  for 
reliability  prediction  purposes.  It  should  be  recognised  that  this  is 
only  a  starting  point  with  more  and  better  power  on-off  cycling  data 
required  before  a  high  degree  of  confidence  can  be  obtained  in  the  pre¬ 
diction  methods  and  values.  However,  with  the  partial  verification  of 
the  models  and  factors  afforded  by  the  on-off  cycling  data  collected, 
it  appears  that  there  is  a  reasonable  validity  in  the  approach  taken 
in  this  report. 

6.1.2. 1  Failure  Rates,  Factors,  and  Models 

The  service  life  model  which  has  been  developed  reflects  the 
effects  of  power  on-off  cycling  on  equipment  reliability  along  with  the 
other  service  life  conditions  usually  experienced  by  equipments:  storage, 
dormancy,  and  'he  fully  energized  state.  The  model  adds  a  new  dimension 
to  trade-off  studies  involving  periodic  testing.  Without  the  effects  of 
cycling  taken  into  account,  reliability  predictions  can  be  overly  opti¬ 
mistic.  Of  course  the  degree  of  optimism  is  dependent  upon  the  cyclic 
rate  and  related  cyclic  characteristics.  In  addition,  the  service  life 
model  is  a  valuable  tool  for  determining  logistic  requirements.  More 
accurate  failure  data  on  specific  part  types  and  quantities  can  be 
obtained  as  a  result  of  including  cyclic  failure  rates. 

Based  upon  the  data  collected,  a  power  cycling  failure  rate 
model  to  estimate  the  cyclic  failure  rate(l  )  has  been  developed  and  is 
given  in  Equations  4. 3. 1-1  and  -2.  The  model  identifies,  defines,  and 
correlates  the  factors  exerting  primary  influences  on  cycling  failures: 
part  quality,  cyclic  rate,  temperature  effects,  environment,  and  transient 
suppression  characteristics  of  the  equipment.  Preliminary  quantification 
of  these  factors  has  been  accomplished  and  tables  are  given  with  values  fo 
the  factors  in  paragraph  4.3.1. 

The  temperature  factor  exerts  a  major  influence  over  the  model 
because  of  the  large  percentage  (about  90  percent)  of  observed  part 
failures  which  appear  to  be  related  to  expansion  and  contraction  result¬ 
ing  from  temperature  change.  These  factors  can  range  from  1  to  greater 
than  200.  Further  quantification  of  this  important  factor  should  be  ob¬ 
tained  by  properly  designed  experiments  in  which  certain  critical  in¬ 
fluence  factors  would  be  varied  while  others  would  be  held  constant. 


In  addition  to  th«  cyclic  failure  rate  modal,  cyclic 
failure  rates  (Tables  4. 4. 2.1-1  and  4.4. 2. 2-1) 

have  been  constructed.  The  former  table  is  on  microelectronic  devices 
and  the  latter  on  high  reliability  parts.  Both  tables  apply  only  to 
electronic  systems  in  a  laboratory  environment,  having  a  cyclic  rate  of 
6  cycles  or  less  per  24  hours,  having  the  cycle  on  time  one  hour  or  longer, 
having  the  time  between  cycles  one  hour  or  longer,  having  an  average  part 
derating  of  50  percent  or  greater,  and  having  transient  supression  cir¬ 
cuitry  designed  in  the  equipment. 

The  incidence  of  power  on-off  cycling  has  been  correlated  to  other 
states  such  as  dormancy  and  normally  energized.  This  correlation  is  in  the 
form  of  ratios  of  the  cyclic  failure  rates  to  those  of  dormancy  and  energized. 
Table  4.4.2.3-J  is  the  first  such  attempt  at  developing  and  ranking  these 
factors.  By  the  use  of  these  factors,  it  is  now  possible  to  estimate  how 
much  more  stressful  the  cyclic  state  is  when  compared  to  the  dormant  state 
for  similar  electronic  devices  in  identical  power  on-off  cycling  conditions. 
Analysis  of  this  data  indicates  that  on  the  system  level  a  single  power  on- 
off  cycle  is  between  1  and  375  times  more  stressful  or  effective  in  causing 
failures  than  one  hour  of  dormant  time.  This  wide  range  demonstrates  just 
how  great  an  effect  cycling  can  have  on  equipment  reliability.  In  contrast 
to  this,  the  ratio  of  energized  to  dormant  failure  rate  was  between  40  and 
100,  depending  upon  the  part  and  component  mix  within  the  system. 

Correlation  of  power  on-off  cycling  failure  incidence  with 
environmental  application  or  with  equipment  type  was  thwarted.  This 
was  due  to  the  fact  that  almost  all  of  the  validated  power  turn-on  and 
power  turn-off  failures  came  from  missile  electronic  systems  in  a  lab¬ 
oratory  environment, 

6. 1.2. 2  Failure  Modes  and  Mechanisms 

Available  failure  mode  and  mechanism  data  indicate  an  over¬ 
whelming  tendency  of  power  on-off  cycling  to  induce  failures  in  the 
open  mode.  Approximately  90  percent  of  the  failures  analyzed  were  opens. 

The  reason  for  this  high  percentage  can  be  attributed  to  expansion  and 
contraction  effects  which  take  place  when  devices  are  energized  and  de¬ 
energized.  Improper  welds,  defective  solder  joints,  nicked  fine  wire, 
and  marginal  structural  assemblies  can  fail  when  subjected  to  this  en¬ 
vironment.  In  many  cases  the  malfunctions  which  occurred  can  be  tied 
back  to  improper  process  control  during  manufacture ,  a  situation  which 
may  never  be  completely  corrected. 

Power  on-off  cycling  appears  to  be  particularly  effective  in 
precipitating  poor  conductivity  fault  points  in  a  system.  This  is 
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illustrated  by  on-off  cycling  failures  detected  in  transformers  with 
opens,  breaks,  fractures  cr  bad  solder  points;  in  switches  with  poor 
solder  joints;  in  capacitors  with  bad  internal  welds  and  solder  joints; 
and  in  a  tachometer-generator  with  a  poor  solder  connection.  Although 
thermal  cycling  is  often  used  as  a  screen  to  detect  detects  such  as  those 
described  for  transformers,  it  is  possible  that  power  cycling  represents 
a  better  way  to  identify  potential  malfunctions  of  this  type.  The  reason 
for  this  is  that  power  cycling  can  induce  local  hot  spot  heating  at  the 
area  where  the  defect  exists.  The  failure  will  then  become  apparent  after 
a  period  of  expansion  and  contraction  caused  by  the  power  cycling. 

6.2  Recommendations 

The  following  recommendations  are  submitted  for  consideration 
and  possible  implementation: 

_1  Government  documents  establishing  and  defining  overall 
reliability  program  requirements  should  be  updated  and  upgraded  to 
include  management  and/or  technical  provisions  that  stipulate  and 
implement  reliability  requirements  in  terms  of  operational  service 
life,  rather  than  just  the  energized  (operating)  state. 

2_  Government  technical  manuals,  handbooks,  and  guidelines 
should  be  issued  or  revised  to  include  the  methods,  data,  and  references 
on  how  to  cohesively  conduct  and  to  systematically  perform  quantitative 
reliability  analyses  for  the  total  service  life  of  military  equipment. 

Such  analyses  must  be  based  on  required  operational  capabi  lities  over 
the  anticipated  service  life.  Degradation  effects  on  electronic  equip¬ 
ment  in  various  activation  states,  such  as  shelf-life,  transportation, 
handling,  testing,  dormancy,  and  power  on-off  cycling  must  be  considered 
in  addition  to  only  those  of  the  normally  energized  (active)  state.  Tor 
example,  Figure  6.2-1  depicts  a  possible  revision  to  Figure  1  of  MIL-STD- 
721B.  This  Military  Standard  should  be  updated  in  the  INACTIVE  TIME  area 
and  added  to  in  the  TRANSITION  TIME  area. 

Detailed  Government  procurement  documents,  rpeeifications, 
and  contracts  should  also  be  revised  and  written  to  include  reliability 
requirements  and  studies  based  upon  total  service  life  considerations. 

The  reliability  studies,  including  mathematical  models,  trade-offs, 
parametric  analyses,  allocations,  or  predictions,  should  be  directed 
with  ^ht  intent  to  promote  attainment  of  optimum  system  reliability 
consonant  with  minimum  cost  and  tine  impacts.  These  studies  are 
applicable  to  all  phases  of  the  Government  procurement  cycle;  i.e.. 

Concept  Formulation,  Advanced  Development,  Research  and  Development, 
Production,  Deployment,  and  Operaciona'  .  ■' 
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6.2-1  Possible  Revision  to  Figure  1  of  MILITARY  STAN6ARD  721B 


£  Consideration  should  be  given  to  the  feasibility  of 
restructuring  or  of  incorporating  the., means  by  which  largo  quantities 
of  dormant  and  power  on-oif  cycling  data  can  be  collected  through  ex¬ 
isting  data  collection  systems.  No  such  provisions  now  exist;  nor  are 
complete  dormancy  or  power  on-off  cycling  data  or,  any  current  major 
military  systems  available  from  a  single  source. 

£  In  order  to  provide  the  huge  quantities  of  dormancy  or 
power  on-off  cycling  data  necessary,  consideration  should  be  given  to 
selecting  and  marking  a  future  major  military  electronic  system  for 
Special  data  collection  provisions  on  dormancy  ana  power  on-oif  cycling. 
These  special  provisions  must  include  the  necessary  detailed  and  docu¬ 
mented  failure  analysis  provisions  down  to  the  part  level  to  ascertain 
and  validate  the  state  in  which  failure  occurred. 

j 

b  The  possibility  of  establishing ,  at  an  existing  facility, 
a  central  collection  point  for  military  electronic  hardware  failures 
(and  their  history)  that  are  attributed  to  dormancy  or  power  on-off 
cycling  should  be  considered.  At  appropriate  times,  detailed  failure 
analysis  to  pinpoint  failure  mode  and  failure  mechanisms  can  then  be 
readily  accomplished  to  validate  the  failure  and  the  state  in  which  it 
occurred. 


7  To  establish  power  on-off  cycling  effects  (factors,  base 
failure  rates,  etc.)  on  specific  electronic  components,  carefully  con¬ 
structed  and  designed  experiments  are  needed.  Careful  contemplation 
should  be  made  before  attempting  this  because  nf  hardware  quantity  and 
time  constraints. 

8  The  efficacy  of  a  low  key  effort  to  collect,  when  and  as 
it  cccurs ,  power  on-off  cycling  data  of  interest  on  nulitary  electronic 
equipment  should  be  investigated.  In  the  study  just  completed,  a  grow¬ 
ing  tendency  has  been  noted.  This  tendency  is  a  reluctance,  on  the  part 
of  major  military  weapon  system  contractors,  to  furnish  uncontraeted-for 
data  free.  This  is  due  to  material  and  manpower  coses  incurred  by  them 
in  reconstructing  or  resorting  past  or  present  applicable  data  and  net 
receiving  monetary  compensation  for  the  added  scope .  This  reluctance 

is  further  heightened  by  current  cutbacks  in  military  defense  spending 
which  directly  results  ir.  purse- string  tightening  on  the  part  of  private 
contractors . 

9  .Should  any  of  the  recommendations  of  £  through  H  bo  implc 
merited,  then  additional  study  and  investigation  of  any  ana  all  collected 
data  should  be  undertaken.  Although  this  technical  report  has  provided 
new  and  updated  dormancy  failure  rates  and  factors  and  provided  an 
initial  and  unique  approach  to  quantification  of  power  on -c f f  cycling 
effects,  additional  work  is  required  to: 
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£  Validate  the  preliminary  dormancy  failure  rates  arrived 

at  by  the  ranking  analysis  method  for  both  thick  and  thin 
film  hybrid  integrated  circuits.  This  validation  includes 
Class  A,  B,  and  C  devices  of  MIL-STD-883 . 

b  Establish  and  validate  dormancy  failure  rates  for  other 
microelectronic  devices  such  as  MSI  and  LSI. 

£  Establish  and/or  validate  dormancy  failure  rates  for 

special  electronic  items  such  as  MOS  devices,  field  effect 
transistors,  microwave  diodes,  or  varactor  and  step  recovery 
diodes. 

d  Validate  dormancy  failure  rates  for  low  population  items. 

£  Develop  additional  values  for  the  power  on-off  cycling  to 

dormancy  ratio  .  )  for  use  in  the  service  life  model. 

C/D 

f  Validate  the  preliminary  power  on-off  cycling  failure 
rate  model  and  provide  further  and  better  quanti¬ 

fication  of  the  base  cycling  failure  rate  (^cB-  an<^ 
contributing  factors  C.)t  C  ,  C ,  and  C£ . 

£  Provide  more  comprehensive  rank  ing  tables  for  the 

base  failure  rate  (Ap) . 

h  Provide  a  better  delineation  of  the  independent  effects  of 
temperature  and  humidity  on  dormant  electronic  devices. 

i_  Provide  a  better  correlation  of  power  on-off  cycling 
effects  with  environment  and  equipment  type 

j_  Provide  a  better  delineation  of  environmental  n.ode  factors 
for  dormancy  and  power  on-off  cycling  especially  for  han¬ 
dling,  transportation,  or  mobile  states. 

1C  Power  on-off  cycling  be  investigated  as  an  additional 
(and  more  effective)  screening  test  for  certain  components- transformers , 
capacitors,  thermistors,  power  transistors,  inductors,  switches,  relays, 
motors,  generators;  i.e.,  those  components  or  parts  that  utilize  wire, 
wire  connections,  welds,  solder  joints,  or  filaments.  It  appears  power 
on-off  cycling  is  a  more  rigorous  form  of  thermal  cycling.  It  induces 
"local  hot-spots"  at  potential  conductivity  faults  resulting  in  wire, 
connection,  or  filament  failure  at  that  fault  because  of  a  correspondingly 
greater  amount  of  expansion  and  contraction  (work-hardening)  induced. 


The  effect  of  power  on-off  cycling  on  poor  solder  joints 
or  weld  joints  should  be  further  investigated  and  developed  because  of 
a  lack  of  low  cost,  reliable  methods  to  test  for  or  eliminate  potential 
conductivity  faults  on  the  part,  component,  module,  printed  circuit  board, 
chassis,  subassembly,  or  assembly  levels. 

12  Update  the  data  on  the  effects  of  burn-in  on  the  dormant 
and  operating  reliabilities  of  electronic  systems  and  expand  the  data 
to  individual  parts  and  components . 

13  Extend  dormancy  work  into  the  area  of  nonelectronics 
associated  with  electronic  equipment.  No  such  compendium  of  information 
now  exists. 
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7 . 0  GLOSSARY 


Activation  Level  -  The  level  of  electrical  stress  applied  to  an  electronic 
system;  power-off  is  zero  activation  level;  dormancy  is  10  per¬ 
cent  or  less  of  normal  activation  level;  power-on  is  normal  acti¬ 
vation  level. 

Activation  state  -  The  state  or, mode  in  which  an  item  is;  these  states 
include  storage,  dormant,  power  turn-on,  normal  operating 
(energized)  and  power  turn-off  for  this  study. 

Alternative  Hypothesis  -  The  hypothesis  which  will  be  accepted  if  the 
null  hypothesis  is  rejected. 

Calendar  Time  -  Total  elapsed  time. 

Catastrophic  Failure  -  A  change  in  the  characteristics  of  a  part  result¬ 
ing  in  a  complete  lack  of  useful  performance  of  the  item. 

Commercial  Parts  -  See  part  class. 

Cyclic  Rate  -  The  number  of  cycles  that  occur  over  a  given  time  period. 

Derating  -  The  design  practice  of  applying  some  fraction  of  the  rated 
stress  of  a  part  in  order  to  increase  service  life. 

Dormant  Mode  -  The  state  wherein  a  device  is  connected  to  a  system  in 
the  normal  operational  configuration  and  experiences  below 
normal  or  periodic  electrical  and  environmental  s cresses  for 
prolonged  periods  up  to  5  years  or  more  before  being  used  in 
a  mission. 

Drift  Failure  -  A  change  in  a  measurement  above  or  below  the  individual 

parameter  range  requirements  stipulated  in  the  part  speci f icat i on . 

Energized  -  The  state  of  normal  activation. 
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ER  -  Established  reliability . 

FET  -  Field  effect  transistor. 

Fit  -  A  failure  per  billion  hours. 

High  Power  Device  -  A  device  rated  greater  than  5  watts. 

High  Reliability  Parts  -  See  part  class. 

IC  -  Integrated  Circuit, 

IRIG  -  Inertial  rate  integrating  gyro. 

Infant  Mortality  -  Part  failures  due  to  deficiencies  in  manufacturing 
processes  which  occur  soon  after  stress  is  applied. 

LED  -  Light  emitting  diode. 

LSI  -  Large  scale  integration. 

Low  Power  Device  -  A  device  rated  less  than  or  equal  to  1  watt. 

MOS  -  Metal  oxide  semiconductor. 

MSFC  -  Marshall  Space  Flight  Center 
MSI  -  Medium  scale  integration. 

Medium  Power  Device  -  A  device  rated  greater  than  1  watt  but  less 
than  c  ->qual  to  5  watts. 

MIL-STD  -  Military  Standard. 

Military  Standard  Parts  -  See  part  class. 

Nonoperating  Mode  -  Equipment  in  the  storage  and/or  dormant  mode. 

Null  Hypothesis  -  The  hypothesis  under  test  in  a  statistical  test. 

PIPA  -  Pulsed  integrating  pendulum  accelerometer. 

Part  Class 

Commercial  -  A  part  wh;.ch  receives  limited  testing  by  the  vendor 
and  is  not  subjected  to  screening. 
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Military  Standard  -  Group  A  environmental  proof  tests, 
and  Group  B  electrical  tests. 

High  Reliability  -  Military  standard  tests  plus:  selected 
vendor  serializing;  100  percent  receiving  inspection;  100 
percent  burn-in. 

Ultimate  Reliability  -  High  reliability  tests  plus:  100 
percent  extended  burn-in;  parameter  drift  screening; 
stringent  quality  inspection. 

Part  Quality  -  See  part  class. 

Population  -  The  larger  set  of  objects  from  which  a  sample  is  drawn. 

Power  On-Off  Cycle  -  That  state  during  which  an  electronic  system 

goes  from  the  zero  or  near  zero  (dormant)  electrical  activa¬ 
tion  level  to  its  normal  system  activation  level  (turn  on) 
plus  that  state  during  which  it  returns  to  zero  or  near  zero 
(turn  off)  or  vice  versa. 

Rank  Ordering  -  Application  of  engineering  judgment  to  produce  a 
relative  scale  of  reliability  within  a  part  class. 

SCR  -  Silicon  controlled  rectifier. 

SSI  -  Small  scale  integration. 

Service  Life  -  Useful  life  of  an  electronic  system  and  measured  in 
calendar  hours  or  time. 

Service  Life  Cycle  -  The  individual  mode  or  modes  of  service  life 
such  as  depot  storage  and  predeployment  checkout. 

Significance  Level  -  Probability  of  accepting  the  alternative  hypothesis 
when  the  null  hypothesis  is  true. 

Storage  Mode  -  The  state  wherein  a  device  is  not  connected  to  a  system 
but  is  packaged  for  preservation  and  experiences  somewhat 
benign  environments. 

TX  -  Tested  extra. 

Transient  Suppression  -  The  inclusion  of  electronic  circuitry  or  special 
design  characteristics  to  eliminate  voltage  spikes  which  could 
cause  anomalous  operation. 

Ultimate  Reliability  Parts  -  See  part  class. 
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8.0  SYMBOLS 


4* 

These  symbols  are  used  throughout  the  text  of  this  report.  In 
special  instances  where  a  specific  symbol  is  used  once  and  explained  on 
the  same  page,  it  is  not  included  in  the  following  list. 


a'  =  Significance  level 

a  =  System  test  efficiency,  i.e.,  that  fraction  of  failures  which 
are  detectable  in  a  system. 


C  -  Total  number  of  cycles  during  the  service  life. 

C£  =  Environmental  mode  factor;  this  factor  is  an  adjustment 
factor  for  the  various  environments  in  which  power  on- 
off  cycling  occurs. 

=  Cycling  rate  factor;  this  factor  is  a  function  of  the 
C  expected  cycling  rate  (normally  expressed  as  cycles  per 
hour) ;  the  cycling  rate  can  be  estimated  for  a  given 
system  as 


that  is,  the  total  number  of  actual  or  anticipated  power 
on-off  cycles  that  will  occur  on  that  item  during  its 
entire  service  life  expressed  in  hours.  This  factor  re¬ 
presents  all  non-temperature  related  effects  such  as 
mechanical  shock,  wear,  vibration,  material  fatigue,  creep, 
or  other  cyclic  induced  stresses. 


8-1 


C  “  Part  quality  (grade  or  class)  factor j  this  factor  is  a  func- 
*  tion  of  the  manufacturing  process  and  subsequent  controls 
imposed  such  as  Group  A  and  B  electrical  tests,  special 
screens,  or  burn-in  on  individual  parts  and  components.  In 
addition  Cq  is  improved  on  equipment  and  systems  which  in 
turn,  have  assembly  limited  environmental  tests  and/or  burn- 
in  tests  imposed. 

CT  =  Temperature  effect  factor;  this  is  a  complex  factor  comprised 
of  several  sub-factors  which  are  dependent: 

1^  initial  temperature  state, 

2  applied  electrical  energy  versus  part 
derating  with  resultant  thermal  stresses 

_3  thermal  lags  at  turn-on  and  at  turn-off, 

£  temperature  stabilization  state  (time  to 
and  time  at) , 

5^  residual  temperature  effects  (a  function 
of  time  between  cycles) , 

6  environment. 

C  =  Transient  suppression  factor;  this  factor  is  a  function  of 
the  degree  to  which  transient  suppression  circuitry  and 
design  have  been  provided  to  eliminate  or  reduce  damaging 
voltage  or  current  transients  at  power  turn-on  or  turn-off. 
These  transients  may  either  be  line  conducted  or  induced 
by  internal  or  external  sources. 

'v  =  Cycle 

e  =  2.71828...  =  base  of  natural  logarithms 

ER  =  Established  Reliability  (as  covered  by  Established  Reliability 
specifications) 
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fits  -  Failures  per  billion  part-hours 
F  ■  Expected  number  of  failures 
F  •  Statistic  calculated  for  Brownlee's  test 

Fc  •  Expected  number  of  failures  during  the  power  on-off  cycling 
state  within  the  service  life  of  an  electronic  system. 

Fd  -  Expected  number  of  failures  during  the  dormancy  state  within 
the  service  life  of  an  electronic  system. 

Fg  -  Expected  number  of  failures  during  the  energized  state  within 
the  service  life  of  an  electronic  system. 

F.  =  Expected  number  of  failures  during  the  i'th  state  within  the 
service  life  of  am  electronic  system. 

F^_  =  Rejection  value  for  Brownlee's  test. 

F  =  The  i'th  percentage  point  of  an  F  distribution  with  y^  and 

Y2  degrees  of  freedom. 

Fg  *  Expected  number  of  failures  during  the  storage  state  within 
the  service  life  of  an  electronic  system. 

FgL  *  Expected  number  of  failures  during  the  service  life  of  an 
r  electronic  system. 


=  Alternative  hypothesis 
Hq  =  Null  hypothesis 

i  =  Index  of  summation,  multiplication,  etc. 

V 

Kc^d  =  — —  =  ratio  of  cyclic  failure  rate  to  dormancy  failure 

D  rate  (in  hours  of  dormancy  per  cycle) . 

XC 

K  =  — —  =  ratio  of  cyclic  failure  rate  to  storage  failure 

S  rate  (in  hours  of  storage  per  cycle) . 
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ratio  of  energised  failure  rate  to  storage  failure 

rata  (in  hours  of  storage  per  energised  hour) . 

* 

X  -  Constant  failure  rate,  expressed  as  failures  per  unit  of 
time ,  cycles,  miles,  etc. 

Ac  -  Cyclic  failure  rate 

X  ■  Dormant  failure  rate 

0 

X  ■  Energized  failure  rate 

u 

X.  *  Failure  rate  of  i'th  population 

K 

X.  -  Estimate  of  X. 

l  i 

Log  x  »  Logarithm  of  X 

X  =  Storage  failure  rate 

X  *  Service  life  failure  rate 

SL 

N  •  Average  number  of  cycles  expected 

c 

N  •  ■  ■  Average  cycling  rate  expected  during  the  service  life 

C  tSL  of  an  electronic  system  (in  cycles  par  total  unit  time 

of  service  life) . 

n  -  The  number  of  states,  items,  failure  rates,  etc.,  to  be 
operated  upon  by  I  or  n 

■  Number  of  failures  observed  from  population  i 

P  *  Total  quantity  of  parts 
Psc  ®  Probability  of  success 

P  -  Probability  of  success  during  service  life 
SL 
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R,  * 

i 


r 


D 


r 


E 


r 


S 


Nl" 


s  “ 


Reliability  of  component 

Quantitative  system  reliability  at  end  of  i'th  period 
tQ 

— —  ■  Ratio  of  total  dormant  time  to  total  service  lifetime 
CSL 

s 

-  — 1  -  Ratio  of  total  energised  time  to  total  service  lifetime 

Si¬ 

ts 

—  -  ■  Ratio  of  total  storage  time  to  total  service  lifetime 

Reliability  during  service  life 
Initial  temperature 

Stabilized  temperature 

Total  time 

Time  of  burn-in  (in  hours) 

Total  dormant  time  in  the  service  life  of  an  electronic  system 
for  i'th  period 

Total  energized  time  in  the  service  life  of  an  electronic  system 
for  i'th  period 

Number  of  part  hours  observed  for  population  i 


=  Time  required  to  reach  Tg 


t  =  Time  required  to  return  to  room  ambient 
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tg  *  Total  storage  time  during  the  service  life  of  an  electronic 
system 

t  »  t  for  i'th  period 

O  .  b 

1 

t  •  Total  elapsed  time  (calendar  time)  during  the  service  life  of 
v’  J  an  electronic  system 

«  Therefore 
V  ■  Voltage 
7  *  Arithmetic  average 


i 


i 


j 
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APPENDIX  A 


TESTING  THE  EQUALITY  OF  TWO  LIFE  DISTRIBUTIONS 

It  can  be  observed  that  vj  and  tj  are  from  population  1  and  V2 
and  t2  from  population  2  where  v.  is  the  number  of  failures  observed 
in  t.  part-hours  from  the  i'th  population.  The  failure  rate  X^  of  the 
i ' th1population  can  then  be  estimated  as  vi/t^ •  A  test  of  the  null 
hypothesis  HqJ  Xj  =  X2  versus  the  alternative  hypothesis  Ha:  Xj  /  X2 
with  significance  level  a' is  desired. 

The  following  procedure  from  Brownlee  (Reference  15)  accomplishes 
the  desired  test: 


1.  Choose  notation  such  that 


2.  Calculate  the  statistic 


3.  Determine  the  rejection  value  Fr  =  Fa/2  ("^ »  from  a  table 

of  the  "F  distribution"  for  =  2(v2+l)  degrees  of  freedom  and 
Y2  =  2v^  degrees  of  freedom. 

v  v 

4.  If  F  >  Fr,  reject  Ho  and  accept  H=  declaring  that  populations  1 
and  2  have  different  failure  rates.  If  F  <  Fr,  additional  con¬ 
sideration  is  necessary  before  accepting  Hn  and  stating  that 
population  1  and  population  2  are  identical.  If  the  difference 
between  X^  and  X2  is  small,  a  large  quantity  of  data  will  be 
needed  for  it  to  be  detected.  If  the  experimenter  deems  that 
sufficient  data  are  present  to  detect  any  important  difference 
in  the  two  populations,  then  F  <  Fr  does  imply  that  Hq  should 
be  accepted  and  the  two  populations  can  be  declared  identical. 


Brownlee's  test  requires  that  an  estimate  of  the  failure  ru  -•  exists 
for  both  of  the  populations  being  compared.  Thus,  if  no  failures  lave 
been  observed  in  either  population,  then  Brownlee's  test  cannot  be  applied 


APPENDIX  B 


DATA  COLLECTION 

Data  have  been  collected  by  Martin  Marietta  from  approximately  50 
contractors  and  government  agencies  and  as  a  result  of  a  comprehensive 
literature  review. 

X.  Literature  Review 

More  than  650  documents  have  been  reviewed  for  information  or  data 
pertinent  to  dormancy  and/or  power  on-off  cycling.  These  documents  were 
obtained  from  the  Defense  Documentation  Center  (DDC) ,  RADC,  GIDEP,  FARADA, 
other  government  data  sources  and  agencies ,  private  contractors  and  ven¬ 
dors,  research  institutions,  and  the  Martin  Marietta  Technical  Information 
Center . 

A  primary  source  was  the  DDC  from  which  two  classified  bibliographies 
were  obtained  consisting  of  abstracts  and  titles  of  documents  related  to 
dormancy'  and  cycling.  After  reviewing  these  bibliographies,  all  appropriate 
documents  were  requested  from  DDC  and  reviewed  in  more  detail.  The  most 
significant  documents  obtained  from  DDC  and  the  other  sources  are  listed 
in  the  bibliography  of  this  report. 

II.  Data  Source  Contacts 

Through  initial  literature  and  telephone  surveys,  those  government 
agencies,  military  installations,  private  research  institutions,  and 
electronic  manufacturing  firms  having  data  pertinent  to  dormancy  and 
power  on-off  cycling  were  contacted. 

A  summary  of  those  dati  sources  contributing  to  these  study  pro¬ 
grams  is  shown  in  Table  B-I.  The  following  paragraphs  give  a  brief  de¬ 
scription  of  the  cype  of  data  obtained  from  each  source. 

a.  Autonetics 

Anaheim,  Calif. 

Nonoperating  data  on  Minuteman  III  were  provided  by  Autonetics 
personnel.  Since  Minuteman  III  is  powered  up  after  site  activation, 
only  data  generated  before  silo  installation  could  be  used. 

b.  Bell  Telephone  Laboratories,  Inc. 

Whippany,  N.  J. 

A  large  arvount  cf  dormancy  data  was  obtained  from  BTL  on  three  sources: 
an  Air  Force  missile  guidance  system,  SPR1NT/SPARTAN  missile  guidance  sets, 
and  components  associated  with  the  Bell  System  undersea  cable  repeaters. 
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TABLE  B-I 


Data  Source  Contacts 


Autonetics 

Anaheim,  Calif. 

Bell  Telephone  Laboratories,  Inc. 
Whippany,  N.  J. 

Boeing  Company 
Seattle,  Wash. 

Cubic  Corporation 
San  Diego,  Calif. 

Dale  Electronics 
Columbus,  Neb. 

Fairchild  Semiconductor 
Mountain  View,  Calif. 

Film  Capacitors,  Inc. 

Passaic,  N.  J. 

General  Dynamics 
Pomona,  Calif. 

General  Electric  Company 
Pittsfield,  Mass. 

General  Electric  Company 
Syracuse,  N.  Y . 

General  Electric  Company 
Utica,  N.  Y. 

George  C.  Marshall  Space  Flight  Center 
Huntsville,  Ala. 

Harris  Semiconductor 
Melbourne,  Fla. 


Hewlett-Packard 

Palo  Alto,  Calif. 

Honeywell,  Inc. 

Minneapolis,  Minn. 

Lockheed  -  Missile  Systems  Div. 
Sunnyvale,  Calif. 

Lockheed  -  Satellite  Systems  Div. 
Sunnyvale,  Calif. 

Manned  Spacecraft  Center 
Houston,  Texas 

Martin  Marietta,  Denver  Division 
Denver,  Colo. 

Martin  Marietta,  Orlando  Div. 
Orlando,  Fla. 

Massachusetts  Institute  of 
Technology 

Charles  Stark  Draper  Laboratories 
Cambridge,  Mass. 

McDonnell-Douglas  Astronautics  Co 
Huntington  Beach,  Calif. 

Monsanto 

Cupertino,  Calif. 

Motorola 

Phoenix,  Ariz. 

National  Semiconductor 
Santa  Clara,  Calif. 


TABLE  8-1 

(continued) 


Naval  Ammunition  Depot  (NAD) 

Crane ,  Xnd . 

Naval  Weapons  Station 
Fleet  Missile  Systems  Analysis 
and  Evaluation  Group  (IMSAEG) 
FARADA  Section 
Corona,  Calif. 

Newark  Air  Force  Station 
Newark,  Ohio 

Ogden  Air  Material  Area  (OOAMA) 
Hill  Air  Force  Base,  Utah 

Perkin-Elmer 

Danbury ,  Conn . 

Phiico  Ford 

Palo  Alto,  Calif. 

RCA 

Somerville,  N.  J. 

Raytheon  Company 

Mountain  View,  Calif. 

Raytheon  Company 

West  Andover,  Mass. 

Reliability  Analysis  Center  (RAC) 
Griffis8  Air  Force  Base,  N.  Y. 

Rome  Air  Development  Center  (RADC) 
Griff iss  Air  Force  Base,  N.  Y. 

Sandia  Corporation 
Albuquerque,  N.  M. 


Siliconix 

Santa  Clara,  Calif. 

Singer-Kearfott,  Inc. 

Little  Falls,  N.  J. 

Strategic  Air  Command  Headquarters 
Offutt  Air  Force  Base,  Neb. 

TRW  Systems 

Norton  Air  Force  Base,  Calif. 

TRW  Systems 

Redondo  Beach,  Calif. 

Texas  Instruments  Inc. 

Dallas,  Texas 

U.  S.  Air  Force  Flight  Test  Center 
Edward°  Air  Force  Base,  Calif. 

U.  S.  Air  Force  Space  and  Missile 
Systems  Organization  (SAMSO) 

Norton  Air  Force  Base,  Calif. 

U.  S.  Army  Electronics  Comnand 
(USAECOM) 

Fort  Monmouth,  N.  J. 

U.  S.  Navy  Special  Projects  Office 
Washington,  D.  C. 


Signetics 

Sunnyvale,  Calif. 


Boeing  Company 
Seattle,  Washington 


c . 


Data  on  parts  parameter  drift  over  long  periods  of  time  were  obtained 
from  Boeing. 

d.  Cubic  Corporation 
san  Diego,  Calif. 

Data  were  received  on  digital  integrated  circuits  used  in  vote  counters 
manufactured  by  Cubic.  These  counters  are  in  storage  between  elections, 
and  therefore,  are  a  good  source  of  data. 


e.  Dale  Electronics 
Columbus,  Neb. 


» 


High  temperature  storage  data  on  resistors  were  provided  by  Dale. 

f.  Fairchild  Semiconductor 
Mountain  View,  Calif. 

High  temperature  storage  data  on  linear,  digital,  and  MSI  integrated 
circuits  were  obtained  from  Fairchild.  On-off  cycling  data  were  also 
received. 


g.  Film  Capacitors,  Inc. 

Passaic,  N.  j.  , 

High  temperature  storage  data  on  paper  mylar  capacitors  were  obtained 
from  this  source. 

h.  General  Dynamics 
Pomona,  Calif. 

A  report  containing  testing  and  dormancy  data  on  the  REDEYE  missile 
was  provided  by  General  Dynamics. 


i.  General  Electric  Company 
Pittsfield,  Mass. 


M 


A  description  of  the  operational  profile  and  failure  reporting  tech¬ 
niques  for  the  Polaris/ Poseidon  Fire  Control  systems  was  given  by  GE  - 
Pittsfield  personnel.  Reports  were  also  obtained  relating  to  the  Fire 
Control  systems. 
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j.  General  Electric  Company 
Syracuse,  N.  Y. 

A  small  amount  of  dormancy  data  on  transistors  was  obtained  from 
this  source. 

k.  General  Electric  Company 
Utica,  N.  Y. 

A  considerable  amount  of  on-off  cycling  and  dormancy  data  was  ob¬ 
tained  from  GE  -  Utica  on  satellite  equipment. 

l.  George  C.  Marshall  space  Flight  Center 

Huntsville,  Ala. 

NASA  data  on  aluminum  wire  fatigue  problems  during  power  cycling 
were  obtained  from  this  source. 

x 

m.  Harris  Semiconductor 
Melbourne,  Fla. 

High  temperature  storage  data  were  provided  on  digital,  linear,  and 
MSI  integrated  circuits. 

n.  Hewlett-Packard 
Palo  Alto,  Calif. 

High  temperature  storage  data  on  LED's  were  obtained  from  Hewlett- 
Packard. 

o.  Honeywell,  Inc. 

Minneapolis,  Minn. 

Data  generated  at  Honeywell  on  power  on-off  cycling  tests  on  air¬ 

borne  equipment  were  provided. 

p.  Lockheed  -  Missile  Systems  Division 

Sunnyvale,  Calif. 

Tab  runs  containing  generation  breakdowns  of  the  Polaris  and  Poseidon 
missiles  and  failure  data  were  obtained  from'  Lockheed-MSD.  Bevause  of  in¬ 
sufficient  identification  of  part  types  in  the  generation  breakdowns, 
absence  of  sufficient  information  in  the  failure  tab  runs,  and  lack  of  time 
periods  in  the  dormant  state  for  the  missiles;  it  was  determined  that 
dormancy  data,  could  not  be  obtained  on  Polaris/Poseidon  missiles  within 
the  time  and  manpower  limitations  of  this  contract. 
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q.  Lockheed  -  Satellite  Systems  Division 
Sunnyvale,  Calif. 

Dormancy  data  on  satellites  and  dormancy  failure  mode  information 
were  obtained  from  Lockheed-SSD  personnel. 

r.  Manned  Spacecraft  Center 
Houston,  Texas 

NASA  personnel  provided  failure  sunmary  reports  on  Apollo  dormancy 
and  on-off  cycling  failures. 

s.  Martin  Marietta,  Denver  Division 
Denver ,  Colorado 

Dormancy  data  related  to  failure  mechanisms,  manufacturing  processes 
and  controls,  and  screening  techniques  were  provided  by  the  Denver  Division 
of  Martin  Marietta. 

t.  Martin  Marietta,  Orlando  Division 
Orlando,  Florida 

Dormancy  and  power  cycling  data  on  the  SPRINT  system  as  well  as 
power  cycling  data  on  the  Pershing  system  were  provided  by  the  Orlando 
Division  of  Martin  Marietta.  ^ 

v 

u.  Massachusetts  Institute  of  Technology 
Charles  Stark  Draper  Laboratories 
Cambridge ,  Mass . 

A  large  and  well  documented  quantity  of  on-oft  cycling  and  dormancy 
data  on  the  Apollo  electronics  was  provided  by  the  MIT  personnel. 

v.  McDonnell-Douglas  Astronautics  Company 
Huntington  Beach,  Calif. 

Data  on  the  SPARTAN  missile  were  obtained  from  McDonnell-Douglas 
through  BTL. 


w.  Monsanto 

Cupertino,  Calif. 

Life  test  data  on  LED’s  and  information  on  LED  failure  mechanisms 
were  obtained  from  Monsanto. 
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x.  Motorola 
Phoenix,  Arizona 

On-off  cycling  and  high  temperature  storage  data  were  provided  on 
various  types  of  integrated  circuits,  transistors,  and  diodes  by  Motorola 
personnel. 

y.  National  Semiconductor 
Santa  Clara,  Calif. 

High  temperature  storage  data  and  on-off  cycling  data  on  integrated 
circuits  were  obtained  from  National  Semiconductor. 

z.  Naval  Ammunition  Depot  (NAD) 

Crane,  Indiana 

A  considerable  amount  of  dormancy  data  related  to  the  Poseidon  Fire 
Control  system  was  obtained  from  NAD,  Crane  including  failure  evaluation 
reports,  part  lists,  and  nonoperating  times. 

aa.  Naval  Weapons  Station 

Fleet  Missile  Systems  Analysis  &  Evaluation  Group  (FMSAEG) 

FARADA  Section 
Corona,  Calif. 

Several  reports  concerned  with  on-off  cycling  and  dormancy  were 
received  from  FARADA.  Dormancy  data  on  the  Terrier  missile  were  also  pro¬ 
vided  through  FMSAEG . 

bb.  Newark  Air  Force  Station 
Newark ,  Ohio 

A  very  useful  tab  run  containing  failure  summaries  of  Minuteman  II 
burn-m  and  zero  time  failures  was  loaned  to  Martin  Marietta  for  use  on 
the  program. 

cc.  Ogden  Air  Material  Area  (OOAMA) 

Hill  Air  Force  Base,  Utah 

Tab  runs  containing  Minuteman  II  and  III  failure  data  were  obtained 
from  OOAMA  personnel. 

dd.  Perkin-Elmer 

Danbury,  Conn. 

Dormancy  data  on  electronic  equipments  were  provided  by  the  Perkin- 
Elmer  personnel. 


i 
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ee.  Philco  Ford 

Palo  Alto,  Calif. 

Dormant  satellite  data  from  several  satellite  systems  were  provided 
by  Philco  Ford. 

ff.  RCA 

Somerville,  N.  J. 

Data  concerning  power  on-off  cycling  tests  on  transistors  were  ob¬ 
tained  from  RCA. 

gg.  Raytheon  Company 

Mountain  View,  Calif. 

High  temperature  storage  data  on  transistors,  diodes,  and  integrated 
circuits  were  provided  by  the  Semiconductor  Division  of  Raytheon. 

hh .  Raytheon  Company 

West  Andover,  Mass. 

Dormancy  data  on  the  Improved  Hawk  missile  were  obtained  from  the 
Raytheon  personnel. 

ii.  Reliability  Analysis  Center  (RAC) 

Griffiss  Air  Force  Base,  N.  Y. 

Information  concerning  reports  pertinent  to  dormancy  and  on-off  cycling 
was  obtained  from  RAC. 

jj.  Rome  Air  Development  Center  (RADC) 

Griffiss  Air  Force  Base,  N.  Y. 

Reports  and  pertinent  data  related  to  dormancy  and  power  cycling 
were  provided  by  RADC.  In  addition,  PADC-TR-67-3C7  (Reference  1)  and 
the  RADC  Reliability  Notebook  (Reference  16)  were  used  during  the  per¬ 
formance  of  the  program  effort  and  in  compiling  this  final  report. 

kk.  Sandia  Corporation 
Albuquerque,  N.  M. 

Dormancy  data  on  electronic  parts  were  received  from  Sandia,  but 
because  of  unforseen  delays  the  data  arrived  too  late  to  be  analyzed 
or  included  in  the  report. 
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11.  Signetics 

Sunnyvale,  Calif. 

A  small  amount  of  storage  data  was  obtained  on  integrated  circuits. 

mm.  Siliconix 

Santa  Clara,  Calif. 

A  small  amount  of  high  temperature  storage  data  was  obtained  on 
integrated  circuits. 

nn.  Singer-Kearfott,  Inc. 

Little  Falls,  N.  J. 

Dormancy  data  on  electronic  equipment  manufactured  by  Singer-Kearfott 
were  used  in  this  report.  These  data  were  obtained  from  a  published  report 
(Reference  17)  of  the  company. 

oo.  Strategic  Air  Command  Headquarters 
Offutt  Air  Force  Base,  Neb. 

Air  Force  personnel  provided  a  description  of  the  computerized  tab 
runs  used  for  recording  Minuteman  field  failure  data  and  discussed  the 
major  failure  mechanisms  observed  after  periods  of  dormancy. 

pp.  TRW  Systems 

Norton  Air  Force  Base,  Calif. 

Dormancy  data  on  the  Minuteman  II  missile  were  obtained  from  TRW 
through  SAMSO.  TRW  was  very  helpful  and  provided  a  magnetic  tape  and 
supplementary  tab  runs  of  dormancy  data. 

qq.  TRW  Systems 

Redondo  Beach,  Calif. 

TRW  provided  data  generated  on  satellite  systems.  Several  reports 
were  also  provided  which  were  pertinent  tc  dormancy. 

rr.  Texas  Instruments  Inc. 

Dallas,  Texas 

Pertinent  data  on  integrated  circuits  and  LED’s  were  provided  by 
Texas  Instruments. 

ss.  U.  S.  Air  Force  Flight  Test  Center 
Edwards  Air  Force  Base,  Calif. 

Data  were  provided  which  contained  cycling  information  on  the  C-5A 
aircraft. 
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tt.  U.  S.  Air  Force 

Space  and  Missile  Systems  Organization  (SAMSO) 

Norton  Air  Force  Base,  Caiif. 

SAMSO  approved  release  of  Minuteman  II  dormancy  data  and  served  as 
the  pivotal  point  of  release  for  the  data  which  included  failure  events 
and  dormancy  times. 

uu.  U.  S.  Army  Electronics  Command  (USAECOM) 

Fort  Monmouth,  N.  J. 

Dormancy  and  on-off  cycling  data  were  obtained  from  special  tests 
being  conducted  in  Panama.  Other  potential  sources  of  data  were  also 
given  by  USAECOM  personnel. 

w.  U.  S.  Navy,  Special  Projects  Office 
Washington,  D.  C. 

Information  related  to  the  Polaris/Poseidon  missiles  and  fire  con¬ 
trol  systems  was  provided  as  well  as  specific  contacts  from  which  to 
obtain  additional  data. 


